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BACKGROUND OF THE INVENTION 

Field of the Invention 
[Technical Fiol 4f 

[0001] 

The present invention relates to a light control film used 
for backlight units such as those for liquid crystal displays 
and so forth, and a backlight unit using the same. 

Description of Related Art 

[Background ■ A gfe^- 

[0002] 

For liquid crystal displays and so forth, backlight units 
of the edge light type or direct type are conventionally used. 

Since backlight units of the edge light type trhr em - s - e - l - v es c a n be 

manufactured with a small thickness, they are used for notebook 
computers etc., whereas backlight units of the direct type are 
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used for large-sized liquid crystal television^ etc—i n - many 

[0003] 

M-gfreeLight emitted from these conventional backlight units 

■ e ent - a4 n includes c omp o n e n t s projected along directions 

significantly inclined from tho direction — the front direction. 
Irfrghtrs-Light emitted from backlight units of the edge light type, 
in particular, contains a lot of components projected along 
directions significantly inclined from the front direction, and 
thus it is difficult to obtain high front luminance. 
[0004] 

In the conventional backlight units, two or more optical 
films such as prism sheets and light diffusive films are used in 
combination in order to improve front luminance so that the 

< £ & . £ee . fe-i- Qa , s q f i cH g-fcfe-e light is should be directed to the front^ 

See direction (sec , for example, claim 1 and [0034] of Japanese 

Kok ai 9~127314 - Patont d o^amen-t-^rf • 

[0005] 

Although prism sheets can generally increase the ratio of 
light s- iight emerging in a-teftg— the front direction ( the direction 
perpendicular to the film surface} by surface design based on 
geometric optics. However, they have drawbacks in that they are 

likely to create cuf f o r from ' an interference pattern due to 

regularly arranged convex portions, and in that they cause glare 

2 



If they are used alone and thus they impair visibility of the 
image. Moreover, they unduly concentrate lights iight in olong 
the front direction, and therefore they cannot provide a wide 
viewing angle. 
[0006] 

On the other hand, if diffusion films are used alone, the 
front luminance becomes insufficient, although the 
aforementioned problems are avoided not caused . 
[0007] 

In the technique disclosed in Ja panese Kokai 9-1273 14- P - at-e - Rt - 
document 1 , a prism sheet and a light diffusive film are used in 
combination. However, the front luminance enhanced by the prism 
sheet is reduced by the use of the light diffusive film. 
Moreover, the films piaco in layers may generatc create Newton 
rings between the 1 a y e r s-membe r s , . e-r— Further, scratches and so 
forth may be caus ed by generat e d du e to the contact of the films 
members— as the case may-be - . 

( ? a I: e n-c --e:-e c ume n t 1 ] Japanese Pat eft^-4 Jne«a - mi - ned Publ leal-ion 

-HKQKftj^)— W^— » - 127314 (claim 1, - paragr aph 00 ^-44- 

-fB-i^r eloGurc of t he— inventi on] 

■ [Problems te -%e-solvcd by the Inventio n ] 

SUMMA RY OF THE INVENTION 

[00084] 



Therefore, an object of the present invention is to provide 
a light control film that reliably ean surely improves front 
luminance when it is used alone or in combination with a prism 
sheet, provides h ^a-s— an—appropriate light dif f usion -dif f tfrs-in-g 
proper I y , and does not suffer from the problems of interference 
pattern and glare, and a backlight unit using the same. 



-fMea- RG for Achievin g— th e Object ] 



[0009iG] 

In order to achieve the aforementioned ob j ectives — ebj-eet-, 
#>6--:i-p.v-ontor e# the present invention improves condu-e-t-ed various 



rchos on v a rious factors defining surface profile of light 



e ent-r - e-l € - ± 

surface (base p-i-a-ne) } — heights and p itch c 



-(•e-Fe-t-r-u-sion and recess) and oo forth, and as -a—result, he found 

■ t - h - a - fe— the front luminance eeu-M— be improved by appropriately 

s etting een t-r - e 1 1-i n - g t h e slopes of the curved surfaces 

constituting the rough surface^ with respect to the base plane^ 
and thereby efficiently directs directing iig h^s- light entered 
into the film to the front d irection - (projection direction) . 
[OOlOii] 

More specifically, the present in ventio n provides th-ey 
found t ha^fe— superior front luminance by setting the e e^-d - --ke 
uc:hic-¥ed-i#-ave rage (9 nv (degree)) of slopes of the curved 
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surfaces of the rough surface^ with respect to the standard 
surface (the surface opposite te— the surface on which 
convexoconcaves are formed} , which slopes are henceforth 
referred to as "slopes of a curved surface", obtained for an 
area of a particular size or larger (1 mm 2 or larger) j_ was within 

a predetermined range-; — a s def-ined — j^ t the first to fourth 

emb o di ments -e f t-h-e present invention . 

■ 14- was -■■ gu -r4rhe^-#e^ d that if If the average of slopes of 

the curved surface (9 nv (degree) ) is was— used as an index of 
slope of the rough surface, and a ratio of an area (Al) of an 
approximately square region on the rough surface (area of 
orthogonal projection of the rough surface) and a surface area 

(A2) of a curved surface constituting the rough surface (A r = 
A2/A1) is was used as an index of height of convexoconcaves, the 

relationships relations of these indexes to w ith change of front 

luminance can eeu4reV~ be mathematically expressed des-e r - i - bed -by 

pa-rt-ie u-l - a - E - ( as relational equations^, and when the values of the 

indexes were within specific ranges, superior front luminance is 

eeu-ld - be achieved , and thus a eeempl is hed the M - rsfe fce --4^H?th 

embe-d-ime^M^s— of the pres e nt invention . 

[0011-13] 

That is, — the— The light control film according to a -th-e 
first embodiment of the present invention is a light control 
film having a rough surface, wherein, for a curved surface of 
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the ^ ough —g^rf acc approximated in an appro5 &^a^e^-H3^jra-g'e--^e^jrea 
fear ing q -r— a^earough s urface in a n approximately square area of 1 
mm 2 or larger^ defined at an arbitrary position on the rough 
surface by using hj^jr^h^-da fei of tho r eH *gh surf acc heights of the 

rough su rface measured with pB e^e^te^ffl^rHre^-ir H - t -e- r -va-jre f er-at 

predetermined intervals in the longitudinal and transverse 
directions in the approximately square area -r-eipreft, an average 
of slopes of the curved surface — f__6 nv in (degrees) -)- of the rough 
surface with respect to a base plane of the film is not less 
than 27 degrees and not more than 70 degrees at substantially 
any position on the light control fil m. Thus, the first 

embodiment satisfies a "condition 1" wherein -fa ■ ee&d - i - i-i - e -R- 

p rovid -i -R - g -- ~ 9 nv is not less than 27 degrees and not more than 70 

degrees - i-s ■ ea - H.cd "condition 1" hereafter) . 

[00124] 

The light control film according to the second embodiment 
of the present invention is a light control film having a rough 
surface formed as fey a patterned layer comprising a material 
having a refractive index n, wherein, for a curved surface of 

the ■ r - eugh s-ur-f - a -ee— approximated in an approximately square rcgi -ena 

■ha- ving an -a^ea- rough surface in an approximately squa re area of 1 
mm 2 or larger^ defined at an arbitrary position on the rough 

surface by using h.e-i-g h t--dat a- - ef - feh - e- ■ r - eHingh—SHr - f ae - e heights of the 

rough surface measured w4 - t - h --f H ? ed e^^ 
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predeterm ined intervals in the longitudinal and transverse 
directions in the approximately square area region, an average 
of slopes of the curved surface (9 nv (degree) ) of the rough 
surface with respect to a base plane of the film is not less 
than (59 - 20n) degrees and not more than 70 degrees at any 
position on the light control film. — (-a— Thus the second 
embodime nt satisfies a "condition 2" wherein p-govi-di-m> e nv is not 
less than (59 - 20n) degrees and not more than 70 degrees-is 
eeh Lled "condition 2" hereafter) . 
[0013-S-] 

■Further-/ — the The light control film according to the third 

embodiment of the present invention is a light control film 
having a rough surface, wherein, for a curved surface of the 

rough surface approximated in an ap pg- e -x i - matcly square region 

tov-irn g an - -area rough surface in an approximately square area of 1 

mm 2 or larger^ defined at an arbitrary position on the rough 
surface by using height data of th e— 3?ou-g h - - surf aee heights of the 

rough surface measured *H^h-- --p-r-ede t o rm i n od iuto-ry-a-arS fe -ffat 

predetermined intervals in the longitudinal and transverse 
directions in the approximately square region, an average of 
slopes of the curved surface -f9 nv (degrees }-f of the rough surface 
with respect to a base plane of the film and a ratio of an area 
of the approximately square region (Al) and a surface area of 
the approximated curved surface of the rough surface (A2) (A r = 



A2/A1) satisfy the following equation (1) or (2) at 
substantially any position on the light control film. Thus, the 

third embodiment s atisf ies a third -fa— condition p^ e - vi - d - ln-g - and 

jW-that satisfy wherein "9 nv 4- A r ^ 22" or ^30 £ 9 nv X A r g 

14 0 is called " c o n d i t i o-n---:y- -her<->£^.-ter~) . 

9 nv t A r ^ 22 (1) 
30 £ 9 nv X A r ^ 140 (2) 
[0014-6] 

The light control film according to the fourth embodiment 
of the present invention is a light control film having a rough 
surface formed as fey a patterned layer comprising a material 
having a refractive index n, wherein, for a curved surface of 

the rough s urface approximated i - a-a n appr oximately square region 

having a n— a^ea rough surface in an approximatel y square area of 1 

mm 2 or larger ^ defined at an arbitrary position on the rough 

surface by using height data -e ^-the ■ ■ r - oug - h - s u r - f -aee h eights of the 

rough surface measured w it h pr edeterm i n cd- intcrvals for at 
predetermined inte rval s in the longitudinal and transverse 
directions in the approximately square region, an average of 
slopes of the curved surface -f8 nv (degrees) -f of the rough surface 
with respect to a base plane of the film and a ratio of— an— a-r-ea- 
of the approximately square area -ge g - ien (Al) and a surface area 
of the approximated curved surface of the rough surface {A2} (A r 
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= A2/A1) satisfy the following equation (3) or (4) at 
substantially any position on the light control fil m. Thus, the 
fou rth embodi ment, satisfies a "conditio n 4" wherein -fa— condition 
p roviding & w -afteWW that oatis#y-^e nv 4- A r X n 2 £ 35^ or ^60 ^ 
9 nv X A r X n 2 £ 350 " io ca l-lcd "condition -4^-h crcaf tcr ) . 
9 nv ~ A r X n 2 £ 35 {3) 
60 ^ G nv X A r X n 2 ^ 350 (4) 
[0015*] 

Aiming at cchi^/i-ng th e aforementioned object, — I t has 

was also been found that if the average -fe nv (degrees }-f of slopes 
of a curved surface of the rough surface with respect to the 
standard surface (the surface opposite te— the surface on which 
convexoconcaves are formed} , which slopes are henceforth 
referred to as "slopes of a curved surface", obtained for an 
area of a particular size or larger (1 mm 2 or larger) is wa-e 
within a predetermined range, and a numerical value A sk [equation 
(5}]_,_ representing an index of asymmetry of a probability 
density function for the height direction obtained from all the 
surface height data for the aforementioned area, or a numerical 
value A ku [equation (6)] representing as an index of sharpness of 
the probability density function for the height direction 
obtained from all the surface height data is was within a 
predetermined range, as defined in the fifth to eighth 
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embodiments of the present invention, superior front luminance 

is eeu-l - d b e achieved. 

[001 6-8-] 
-HM4- 




-fin the equation (5) , Zj, represents a value obtained by 
subtracting a height of the average plane of the rough surface 
from a measured surface height, and m represents the a- number of 
measurement points. + 



[0017-9] 
+41-2+ 




+In -the equation (6), z± represents a value obtained by 
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subtracting a height of average plane of the rough surface from 
a measured surface height, and m represents the a number of 
measurement points. -f 
[001834] 

¥h ot is, — the The light control film according to the fifth 
embodiment of the present invention is a light control film 
having a rough surface 7 — whe rein a condition that has , for a 
curved surface of the ^eae h surface approH 4Hmatee--4rn---an 
appro ximately--s- < H-^a^ r - cgicn having an ar ea-rough surface in an 
ap proximately square area of 1 mm 2 or larger^ defined at an 
arbitrary position on the rough surface by using height data of 

th e rough surf aee heights of the rough surface measured with 

^■r-ede% ' e-3?fl!vi-a&d intervals for at predetermined inte rvals in the 

longitudinal and transverse directions in the approximately 
square area rogi en, an average of slopes of the curved surface 
4©nv (degrees) -f of the rough surface with respect to a base plane 
of the film is not less than 27 degrees and not more than 70 
degrees, and an absolute value of a numerical value (A sk ) 
calculated in accordance with the equation (5) by using all the 
heighe-d ata of the rough surf ac eheights of the rough sur face, of 
■ie not more than 1.2 i s —s-a t-i-ef led at substantially any position 
on the light control film. Thu s , the fifth e mbod iment satisfies 
a — (-the-" condition 5" p roviding wherein 9 nv is not less than 27 
degrees and not more than 70 degrees and an absolute value of A sk 
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is not more than 1 , 2~-4^-~ea-M-e4-^^ ■ 
[00193iJ 

The light control film according to the sixth embodiment of 
the present invention is a light control film having a rough 
surface formed __as fey a patterned layer comprising a material 

having a refractive index n, wherein a eend-i-t--i-en that , for a 

curved surface of the rough a u r- f aee-a -pp r o x ima t c d -4-n---a^ 
a pproxim atcl - y ---e^^ surf ace in an 

approximately sq uare area of 1 mm 2 or larger^ defined at an 
arbitrary position on the rough surface by using h eight data of 
■ the rough surfac e- heights of the rough surface measured w-i-fch- 

p^edctorminod intervals for - at predetermined intervals in the 

longitudinal and transverse directions in the approximately 
square area regio n , an average of slopes of the curved surface 
~f0 nv (degrees) -f of the rough surface with respect to a base plane 
of the film is not less than (59 - 20n) degrees and not more 
than 70 degrees, and an absolute value of a numerical value 
{h sk } j_ calculated in accordance with the equation (5) by using 

all the h eight dat a— e-f- the - rou gh surf acc hei ghts of the rough 

surface, is not more than 1.2 is satisfie d at substantially any 
position on the light control fil m. Thus, " condi tion 6" provides 
that -^y^^on d ition-^r-ev4^rftg 9 nv is not less than (59 - 2 On) 
degrees and not more than 70 degrees and has an absolute value 
of A sk not more than 1 . 2-jrg--eajrj^d-^eR ^tion — S^-he^ee-ftcr) ■ 
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[0020£] 

-Fur ther, the The light control film according to the 
seventh embodiment of the present invention is a light control 
film having a rough surface, wherein a condition that, for a 
curved surface of the r^a^h— s-a-3r f acc approx ^marted— in— an 
app r oximo t^!:-y ■■-e€H*c r c region having -an— a^e-a-rough surface in an 
appro ximately s quare area of 1 mm 2 or larger^ defined at an 
arbitrary position on the rough surface by using h^i-g-ht-- data of 
tho rough ourf aco heights of the rough surface measured w - i - t - fet - 

prcdctor m ino d intervals - f - o ae at predetermined intervals in the 

longitudinal and transverse directions in the approximately 
square area region , an average of slopes of the curved surface 
-fG nv (degrees )-}- of the rough surface with respect to a base plane 
of the film is not less than 27 degrees and not more than 70 
degrees- - Furt her, a a-H-d-^a numerical value (A^} calculated by 

using all the feeirg- ht data of the rough surf ace height s of the 

rough su rface in accordance with the aforementioned equation (6) 
is not less than 1.5 and not more than 5.0 4r U satisfied at 
substantially any position on the light control fil m. Thus ,— ft-h-e 
"condition 1" provides that pro viding 9 nv is not less than 27 
degrees and not more than 70 degrees and A ku is not less than 1.5 

and not more than 5.0- is called ^e ^d i t - ie - R - ^^...herealter-f . 

[0021*] 
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te feeaefe^ — the The light control film according to the 
eighth embodiment of the present invention is a light control 
film having a rough surface formed by a patterned layer 
comprising a material having a refractive index n, wherein a- 
conditi -en--4^a4r, for a curved surface of the ^ugh-s^a rf ace 

appro3 ^rffl at - ed la -an approximately o q - a- a ge-^ -e g -ire- n having an 

a^ea- rough surfac e in an approximately square area of 1 mm 2 or 
larger^ defined at an arbitrary position on the rough surface by 

using heig ht data -e f the roug h s-u^rf-a-ee heights of the rough 

surface measured with prcdctormin ed interval s— # e-ffa t 

predetermined intervals in the longitudinal and transverse 
directions in the approximately square area region , an average 
of slopes of the curved surface -{e M (degrees-)-) of the rough 
surface with respect to a base plane of the film is not less 
than {59 - 20n) degrees and not more than 70 degrees, and a 
numerical value (A ku ) calculated by using all the hcight -^ata o f 

tlt e roue ^h---s j arfaee h eights of the rough surface in accordance with 

the aforementioned equation (6) is not less than 1.5 and not 

more than 5.0 ^ siatl silted at substantially any position on the 

light control film. Thu s, "condition 8" prov ides that -fbfcte 

c ondi t i on- pre vi - di -ng 9 nv is not less than (59 - 20n) degrees and 

not more than 7 0 degrees and a— val^e-ol A ku is not less than 1.5 
and not more than 5 . G—jrS— e a -jr - led- -- -een -dir t ion ■ %" hcrcaf t er-)- . 
[00224] 
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Aimi ng at aehi;ev4 r n - g To achieve the aforementioned object , 
it has been w-a e a lso found that if a ratio (A r = A2/A1, referred 
to as a surface area ratio hereafter} of a surface area (A2) of 
a curved surface constituting the rough surface and an area (Al) 
of an approximately square area *e^i-eflt on the rough surface 
(area of orthogonal projection of the rough surface)i_s was 
within a predetermined range, and a numerical value A sk [equation 

(5) ] representing an index of asymmetry of a probability density 
function for the height direction obtained from all the surface 
height data for the area (Al) , or a numerical value A ku [equation 

(6) ] representing an index of sharpness of the probability 
density function for the height direction obtained from all the 
surface height data is ware within a predetermined range, as 
defined in the ninth to twelfth embodiments of the present 

invention, superior front luminance is could be achieved. 

[0023£] 

[# 3] 




-fin the equation (5), z t represents a value obtained by 
subtracting a height of average plane of the rough surface from 
a measured surface height, and m represents the a number of 



measurement points. 
[00244] 
[# 4] 




-fin the equation (6), z± represents a value obtained by- 
subtracting a height of average plane of the rough surface from 
a measured surface height, and m represents the a- number of 
measurement points. -f 
[002»3 

■ Thu - 3 - 7 — the- The light control film according to the ninth 
embodiment of the present invention is a light control film 

having a rough surface, wherein a--eeftd4tle n th-a% , for a curved 

surface of the rough su rface appre-^im&t cd in an approximatel y 

■ square re a, 1 en havi ng— an arca rough surface in an approxima tely 

square area of 1 mm 2 or larger, defined at an arbitrary position 

on the rough surface by using he^i-gh t - data of the rough 

■s-u-rf-aee heights of the rough surface measured wit - h --^reeietre^mirfted: 
intervals — f-er-at p redetermin ed intervals in the longitudinal and 
transverse directions in the approximately square area region , a 
ratio of an area of the approximately square area r : e^iefi (Al ) 
and a surface area of the approximated curved surface of the 
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rough surface (A2) {A r = A2/A1) is not less than 1.2 and not more 
than 2.5, and the absolute value of a numerical value (A sk ) 
calculated in accordance with the equation (5),_ by using all the 
height 4afea^-e-6-feke-H rough o ^arfare eheights of the rough surface , is 
not more than 1.2 i-s—s-atisf ic d at substantially any position on 
the light control fil m. Thu s,- (the "condition 9" pr oviding 
provides that A E is not less than 1.2 and not more than 2.5 and 
an absolute value of A sk not more than 1.2 is called "condit-i-o^.- 
9" hereafter ^-. 
[0026*] 

The light control film according to the tenth embodiment of 
the present invention is a light control film having a rough 
surface formed by a patterned layer comprising a material having 
a refractive index n, wherein a c on dition that , for a curved 
surface area of the r-ough surface approximated in —an- 

app - rex - lfflatcly n^arc region hav i n g- an area - rough surface in an 

approximately sq uare area of 1 mm 2 or larger^ defined at an 

arbitrary position on the rough surface by using he4^h t d-at-a — ■ e-# 

^ e _ jge ^^ t _ s ^ . g f e . 6 e heights of the rough surface measured with 

predet e rmined intervals f e-r -at predetermined in tervals in the 

longitudinal and transverse directions in the approximately 
square are a regi on, a ratio of an area of the approximately 
square region (Al) and a surface area of the approximated curved 
surface of the rough surface (A2) (A r = A2/A1) is not less than 
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(2 - 0.5n) and not more than 2.5, the and absolute value of a 
numerical value (A sk ) ^ calculated in accordance with the equation 

(5) by using all the he-iqh-t- ■ da - t - a— e - f — the rough ourf acc heights of 

the rough surface, is not more than 1.2 io satisfied at 

substantially any position on the light control film . Thus ■ fthe 

"condition 10" provides that providing A r is not less than (2 - 
0.5n) and not more than 2.5 and an absolute value of A sk is not 
more than 1.2 is called -^co n dition 10" hcrea-fteBrf . 
[0027-9] 

Furth e-r-7 — the The light control film according to the 
eleventh embodiment of the present invention is a light control 

film having a rough surface, wherein a ee-ndi-t-ien— th at: , for a 

curved surface of the ^ough su rface app - gox - imatcd in an 

approximately square region having an arca rough surface in an 

approxim a tely square area of 1 mm 2 or larger^ defined at an 
arbitrary position on the rough surface by using hei-gh t data of 

the r-e - H ^h— & urf acc heights of the rough surface measured with 

pr-ed otcrm -i ncd interval es— ^er- at prede termined intervals in the 
longitudinal and transverse directions in the approximately 
square area re gion , a ratio of an area of the approximately 
square area reg-ien (Al) and a surface area of the approximated 
curved surface area of the rough surface (A2) (A r = A2/A1} is not 
less than 1.2 and not more than 2.5, and a numerical value A kUj _ 
calculated in accordance with the equation (6) mentioned above 
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fey using all the surface height data^ is not less than 1.5 and 
not more than 5.0, which condition is satisfied at substantially 
any position on the light control fil m. Thus, — f-feke ^condition 
11 " i s sa tisfied b y pr-c->v-id-ing- A r not less than 1.2 and not more 
than 2.5 and A ku not less than 1.5 and not more than 5 . Q-4r& 
€ a!4 . e d ;.... »_e^3ndi^&^ . 
[002_8^] 

The light control film according to the twelfth embodiment 
of the present invention is a light control film having a rough 
surface formed as by a patterned layer comprising a material 
having a refractive index n, wherein, for a curved surface area 
of the rough surface approximated in an approximately square 
region having an orca rough surface in an approximately square 
area of 1 mm 2 or larger ,_ defined at an arbitrary position on the 

rough surface by using h e i ght data of the rough surface-heights 

of the rough surface measured with predetermined intervals for at 
predetermined intervals in the longitudinal and transverse 
directions in the approximately square area region , a ratio of 
an area of the approximately square area region (Al) and a 
surface area of the approximated curved surface of the rough 
surface (A2) (A r = A2/A1) is not less than (2 - 0.5n) and not 
more than 2.5, and a numerical value A kuJL calculated in 
accordance with the equation (6) mentioned above fey— using all 
the surface height data^ is not less than 1.5 and not more than 
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5.0 at substantially any position on the light control filrn^ 
Thus, -(-the "condition 12" is satisfied by a value providing A r 
not less than (2 - O.Sn} and not more than 2.5 and a value A ku 

not less than 1.5 and not more than 5.0- is called " eendit ion- l - 2~" 

he reafter) . 

[0029-3i] 

In the first to twelfth embodiments of the present 
invention, the area of tho approximately square area -^efaVen on 
the rough surface means an area of an the orthogonal projection 
of the rough surface. 
[00302] 

In the first to twelfth embodiments of the present 
invention, the base plane of the film means a plane of the film 
that is regard ed- substantially planar, and when the face of the 
light control film of the present invention^ opposite to the 
face on which convexoconcaves are formed^ is smooth, the plane 
of this face can be regarded as the base plane. When the 
opposite face is not smooth but a rough surface, a plane 
including the central lines of two different directions thereof 
can be regarded as the base plane. 
[00315] 

In the first to eighth embodiments of the present 
invention, the average of slopes of a curved surface -f0 nv 
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(degrees)-}- is used. In general, if a curved surface area of a 
rough surface can be represented by with a common function z = 
f(x, y) , an average of slopes of the curved surface (C fc ) 
constituting the rough surface with respect to the 
aforementioned base plane can be represented by the following 
equation (7) wherein D is a region for which the average is 
calculated. 

[00324] 

[# 5] 

[0033£] 

Further, the average of slopes of the curved surface 
wherein the slopes are indicated by with angle -f9 fc (degrees )-f 
can be represented by the following equation (8) . 

[0034-6] 

[# 6] 

0 fc = ttm~ l C fc -..(*) 

[003 53-] 

However, although it is possible to use such a function for 
product designing, it is almost impossible to describe a rough 
surface with a general function for an actual product, and an 
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average of slopes of a curved surface 4©fc (degrees)-}- can hardly 

be ob t a 1 n e d 7 e-it-he-ff . Therefore, in the first to eighth 

embodiments of the present invention, a value calculated as 
follows is defined as an average of slopes of a curved surface 
-f0 nv (degrees)-}-. 
[0036&] 

First, surface heights da-ta- of a rough surface are measured 
by using a surface profiler at positions defined by dividing an 
approximately square - region of an area larger than a 
predetermined particular area (1 mm 2 or larger}^ at an arbitrary 
positions on the rough surface in a lattice pattern with 
predetermined intervals (Ad L , Ad H ) for the longitudinal and 
transverse directions. When the surface height data for the 
approximately square area region on the base plane are measured 
at points in numbers of r for the longitudinal direction and s 
for the transverse direction, the height data corresponds to 
those e-f points in a number of (r x s) , and the respective data 
points are represented as { (H u , H 12 , H X3 , . . . H is ) , (H 2 i, H 22 , H 23 , 
... H 2s ), ... (Hn, H r2 , H r3 , ... H rs )}. The numbers of the 
measurement points for the longitudinal and transverse 
directions, r and s, may be the same or different, so long as 
the region is approximately square. Further, the measurement 
intervals for the longitudinal and transverse directions, Ad L and 
Ad H , may also be the same or different. 
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[00374] 

Then, one diagonal line is drawn in each unit lattice 
having side lengths of Ad L and Ad H for the longitudinal and 
transverse directions , respectively, on the base plane to divide 
the lattice into two triangles. From height data at the 
positions of three apexes of each of these two triangles on the 
base plane, "one triangle plane (henceforth referred to as 
"minute triangle plane"}" is uniquely defined for each triangle 
on the base plane, and the slope of this minute triangle plane 
with respect to the base plane can be obtained by calculating 
obtaining the angle between the normal of the minute triangle 
plane and the normal of the base plane through cal c ulat ion. If 
Ad L and Ad H are sufficiently small, it can be regarded that the 
curved surface area constituting the rough surface is 
approximated by th e with- planes of the minute triangles. 
Therefore, the average of slopes of the curved surface ~f©nv 

(degrees )f can be obtained by applying this method to all the 
unit lattices in the approximate square for which the height 
data are measured^ to approximate the curved surface 
constituting the rough surface with planes of minute triangles, 
obtaining slopes of the minute triangle planes and averaging 
those - fefee slopes. 

[003844] 

The lengths of the measurement intervals (Ad L and Ad H ) 
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mentioned above are s^eh lengths that serve to correctly r eflect 
the profile of the rough surface included in the measurement 
region can be su f fi ci ently corr e ctly reflect ed, and both are 
■ specifica ll y in-tea rv alo of about 1.0 urn or shorter. 
[00394i] 

On the other hand, in the third, fourth and ninth to 
twelfth embodiments of the present invention, the surface area 
of a curved surface constituting the rough surface (A2) is used. 
In general, if a curved surface of a rough surface can be 
represented by with a common function z = f(x, y) , the surface 
area of the curved surface constituting the rough surface (A2) 
can be represented by the following equation (9) wherein D is a 
region for which the average is calculated. 
[00402] 
[# 7] 

^ifeHiH ■■•<•> 

[00412] 

However, although it is possible to use such a function for 
product designing, it is almost impossible to describe a rough 
surface with a general function for an actual product, and 
therefore the surface area (A2) can hardly be obtained , cither . 
Therefore, in the third, fourth and ninth to twelfth embodiments 



of the present invention, a value calculated as follows is 
defined as the surface area of a curved surface (A2) . 
[00424] 

First, surface height data of the - r - e^h - s - n - r -f-aeehe j gh t s of 

the rough surface are measured by using a surface profiler at 
positions defined by dividing an approximately square region of 
an area larger than a part 4^u4ra-r^-a^ea — fl mm 2 or larger-f at an 
arbitrary position on the rough surface in a lattice pattern 
with predetermined intervals (Ad L , Ad H ) for the longitudinal and 
transverse directions. When the surface heights data- for the 
approximately square region on the base plane are measured at 
points in numbers of r for the longitudinal direction and s for 

the transverse direction, the total data for correspond to those 

of points (numbering - in a—number of — fr x s) , and the respective 

data points are represented as { (H n , H i2 , Hi 3 , . . . Hi s } , (H 2i , H 22 , 
H 23 , ... H 2s }, ... (Hri, H r2 , H r3 , ... H rs ) } . The numbers of tfee 
measurement points for the longitudinal and transverse 
directions, r and s, may be the same or different, so long as 
the region is approximately square. Further, the measurement 
intervals for the longitudinal and transverse directions, Ad L and 
Ad H , may also be the same or different. 
[004 3^] 

Then, one diagonal line is drawn in each unit lattice 
having lengths of Ad L and Ad H for the longitudinal and transverse 
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directions^ on the base plane^ to divide the lattice into two 
triangles. From height data for afe the positions of three 
apexes of each of these two triangles on the base plane, "one 
triangle plane^ (henceforth referred to as "minute triangle 
plane")- is uniquely defined for each triangle on the base 
plane, and area of this minute triangle plane can be obtained by 
calculation. If Ad L and Ad H are sufficiently small, it c an be 
r ega rded th afe the curved surface constituting the rough surface 
is approximated by the wa^h planes of the minute triangles. 
Therefore, the curved surface area (A2) can be obtained by 
applying this method to all the unit lattices in the 
approximately square area for which the heights data are 
measured to t hereby approximate the curved surface constituting 
the rough surface with planes of minute triangles, obtaining 
areas of the minute triangle planes and summing the areas. 
[0044«] 

The lengths of the measurement intervals (Ad L and Ad H ) 
mentioned above are such lengths that serve to correctl y reflect 
the profile of the rough surface included in the measurement 
region eaf^e- suf f icicntly e^^eetj^ee&eeted, and both are 
specif ical ^ry-arnrfee^ra^ about 1.0 urn or shorter. 
[00453-] 

Further, the light control film according to the thirteenth 
embodiment of the present invention is the light control film 
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according to any one of the first to twelfth embodiments 
mentioned above, wherein absolute value of average (<p a ve) of 
angles (cp, -180 degrees < <p ^ 180 degrees}^ between orthogonal 
projections of normals of the curved surface of the rough 
surface projected on the base plane and one side of the 
approximately square region^ is not more than 5 degrees 
irrespective of the direction along which the approximately 
square region is defined on ±« the rough surface (the condition 
providing an absolute value of the average (cp av e) not more than 5 
is referred to as "conditions- 13" hereafter) . If the condition 
13 for cpave is satisfied for the approximately square region 
defined along an arbitrary direction on within the rough 
surface, glare of the light control film can f urther be further 
reduced pro vented . In order to obtain such a light control film 
satisfying the condition 13, multiple convex portions 
constituting the rough surface are preferably substantially 
independent from one another, and each convex portion preferably 
consists of s-tt-eh a revolution body such as shown in Fig. 2-2^ as- 
described later. 
[004 6-8-] 

A backlight unit according to the fourteenth embodiment of 
the present invention is a backlight unit comprising a light 
guide plate equipped with a light source end portion thereo f and 
having a light emergent surface approximately perpendicular to 



the end portion and a light control film provided on the light 
emergent surface of the light guide plate,, wherein the 
aforementioned light control film is used as the light control 
film. A backlight unit according to the fifteenth embodiment of 
the present invention is' the aforementioned backlight unit, but 

additionally includes where i n a prism sheet is u - s - ed between the 

light control film and the light guide plate. 
[0047#] 

A backlight unit according to the sixteenth embodiment of 
the present invention is a backlight unit comprising a light 
source, a light diffusive plate provided on one side of the 
light source and a light control film provided on the side of 
the light diffusive plate opposite to the light source side, 
wherein the aforementioned light control film is used as the 
light control film. 

-f-B-ff-e ct e f --the Invention j 

[0048]£-Qf 

The light control film according to any one of the first to 
thirteenth embodiments of the present invention can increase the 
components of 1-i^ets- light in e£ the front direction, in 
particular, those in the range of emergent angles: of 0 to 30 
degrees, for lights light entering entered from the surface 
opposite te> the rough surface and emerging from the rough 
surface, and thus it can a-t : fcai ft provide markedly higher front 
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luminance^ compared with conventional usual diffusing films. In 
addition, it also has appropriate light diffusing property and 
does not cre ate go aero Le glare or an and interference pattern. 
[0049*1] 

Further, the backlight unit according to the fourteenth or 
fifteenth embodiment of the present invention is a backlight 
unit providing high front luminance and 7 — hav4«g appropriate 

light diffusion, without producing di f f- u s ing - prepe r-iy ; — and n - e - t - 

generating glare or an and interference pattern, because it 
includes - uses the particular light control film of the 
invention . Moreover, it can prevent generation of scratches on 

a prism sheet due to contact with other members are avoided and 

so forth. 

■PBSefilPTI-Q N OF THE PREFERRED E MBOSSMENTS- 
■XB e - s - t- - M e de of-C-arrying Out the Invention s- 
Brief Description of the Drawings 
[0050S] 

Figs. 1(a), 1(b) and 1(c) are se ctiona l views of embodiments of 
the li ght control film of present invention; 

Fig. 2-1 is a sec t ional view of a three-dimensional convex shape 
used i n the present invention for simulating differences in 
emergent angle characteristics as determined by the shape; 
Fig. 2-2 is a perspective view of the three-d i me nsional convex 
shape used in the present invent ion for simulating differences 
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in emergent angle characteristics as determin e d by the shape 
Fig. 3 is a grap h of results of three-dimensional simulatio n 
perfo rmed by changing shape of convex portion in an embodiment 
of the invention; 



Fiq. 4 is a 


qraph of results for 


9 nv of three-dimensional 


simulation 


performed by changing 


shape of convex portion in an 


embodiment 


of the invention; 




Fia. 5 is a graph of results for 


e nv -Hft r -in three-dimensional 


simulation 


performed by changing 


shape of convex portion in an 


embodiment 


of the invention; 




Fig. 6 is a graph of results for 


9nv X A r in three-dimensional 


simulation 


oerformed by changing shape of convex portion in an 


embodiment 


of the invention; 





Fig. 7 is a graph of values for 8 nv obtained in results of three- 



dimensional simulation performed by changing shape of convex 
portion in an embodiment of the invention; 

Fia . 8 is another graph of Q n v obtained in three-dimensional 
simulatio n performed by changing shape of convex portion in an 
embodiment of the invention; 

F 1 q- 9 is a graph of values for Ar obtained in three-dimensional 
simulation performed by changing shape of convex portion in an 
embo diment of the invention; 

Fig . 10 is another graph of values for A r obtaine d in three- 
dimensiona l simulation performed by changing shape of convex 



portion in an embodiment of the invention; 

Fig. 11 is a pers pective v iew o f an example of the roug h sur face 

of th e light control film of presen t invention; 

Fi g. 12 is a cr oss-sectional view of an embodiment of the 

backlight unit of the present invention 

Fig. 13 is a cross-sectio na l schematic view of another 

embodiment of the backlight unit of the present invention ; and 

Fig. 14 is a graph illustrat ing the relat ionship betw een the 

absolute values of (pave measured for the light c ont rol films of 

Examples 1, 9 and 17 and o i n t, tj oi of the determined square 

region. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0051] 

Hereafter, the light control film and backlight unit of the 
present invention will be explained in detail with reference to 
the drawings. The sizes (thickness, width, height etc.} of the 
elements illustrated in the drawings used for explanation of the 
present invention are enlarged or reduced as required for 
explanation and do not reflect actual sizes of the elements of 
actual light control film and backlight unit. 
[00525] 

Figs. 1 (a) to 1(c) schematically show examples of the 
light control film of the present invention. As shown in the 
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drawings, the light control film of the present invention has 
fine convexoconcaves formed on one face of a substantially 
planar film and has a characteristic profile of the 
convexoconcaves. The convexoconcaves may be formed on a layer 
provided on one face of a film used as a substrate as shown in 
1(a) and 1(b), or the light control film may be formed as 
ee^Hg- t-itu t od w j_th a single layer on which convexoconcaves are 
formed as shown in 1(c) . 
[00534] 

when j^j^h-fee light enters into the light control film of the 
present invention from the surface opposite to the surface on 
which convexoconcaves are formed and emerges e merg e from the 
rough surface, the light control film of the present invention 
controls direction of components of the ligh t s light so that 
those components of lig k tolig h t emerging at with an angle with 
roopect to the front direction^ within a predetermined range^ 
are increased should increase to enhance front luminance r and 
light diffusion, while preventing diffusing p r op e rty — whieh— eaa 
p revenfe glare f far c s shou l d be provided . Although the surface 
opposite fee the surface on which convexoconcaves are formed is 
typically a smooth surface, it is not limited to a smooth 
surface. For example, it may have m atting may be performed or 
predetermined dot pattern etc. may be form e d on the surface . 
[Q054&] 



Hereafter, the p arameters of con d 4rMe ^ - s -- eeR - ee - r-Bi -- Fig the 
profile of the convexoconcaves for controlling direction of 
■ i-i - efo tslight described above will be explained. 
[0055-6] 

In the present invention, conditions for obtaining optimum 
emergent lights - light were first investigated for a single convex 
portion (Fig. 2-2) consisting of a revolution body formed by 
rotating s - ueh an arbitrary curve such as shown in Fig. 2-1 on a 
xy-plane^ as a base plane^ around a z-axis perpendicular to the 
xy-plane by simulating the relationship between incident 
lighto light and emergent lighto light in a three-dimensional 
space^ with change of changing the convex shape, height t - he - E - e - e - f ■ , 
angle of incident light and so forth. The distribution of 

lighto light emerging from the convex side (emergent angle 
characteristics) was obtained by calculation for the case where 
light-slight, having the same distribution as that of - l-i - gh-t-& light 
emerging from a light guide plate in an actual backlight unit^ 
enters from the bottom face side of the convex portion. The 
calculation was performed by assuming that the refractive index 
of the inside of the convex portion was 1.5, which is the 
refractive index of a common acrylic resin. 
[ 00563- ] 

Fig. 3 shows a graph representing distribution of emergent 
M - ght - s - lig ht , which is a result of simulation performed for the 



convex portion having the shape shown in Fig. 2-2. In the 
graph, the solid line represents distribution of emergent 
-light-p light , and the dotted line represents distribution of 
incident lighto light. In order to provide favorable front 
luminance and light scattering to property of - a certain degree, 
it is desirable that components of - light s-light emerge atcm crgin g 
with an angle within the range of the fr o nt di re c tio n- 40 degree^ 
±30 degrees to the front direction- sh ould bc - abundont . 
[0057&] 

Then, in order to find conditions for obtaining emergent 
light characteristics satisfying such conditions for a rough 
surface on which multiple convex portions are formed, change of 
emergent light distribution was simulated while the shape of 
the convex portions and height thereof was variously changed for 
a system having a multiple number of the convex portions 
mentioned above. Specifically, by using, for the convex 
portion, a constant bottom area, 5 to 6 different kind of 
heights, and about 100 J«h&4s-&£ curve shapes for each height, a 
total of 500 to 600 different M n ds in to t al of shapes of the 
convex portion were defined, and distribution of emergent 
lights- light was simulated for 500 to 600 different kinds o -f- 
samples^ each sample having multiple convex portions of a single 
shape on a plane. The results are shown in the graph of Fig. 4, 
In the graph, the horizontal axis represents average of slopes 



of the curved surface (9 nv ) , and the vertical axis represents 
energy of emergent 1 - i-gh t- s light . In the graph, among the points 
represented by A, □ and O, those of the first group 601 
represented by A indicate energies of emergent llghtslight 
within the range of 6 degrees about the z axis {henceforth 
referred to as "emergent lirg^ts -light s") for the samples, those of 
the second group 602 represented by □ indicate energies of 
emergent 1 - i g fat s light within the range of 18 degrees about the z 
axis (henceforth referred to as "emergent j^egh-fcelightis" ) for the 
samples, and those of the third group 603 represented by O 
indicate energies of emergent light slight within the range of 30 
degrees about the z axis (henceforth referred to as "emergent 
lighto light 3o") for the samples. 
[0058-&] 

From the simulation results shown in Fig. 4, it was found 
that if the average of slopes of the curved surface (9 nv ) was not 
less than 27 degrees and not more than 70 degrees, preferably 
not less than 27 degrees and not more than 65 degrees, more 
preferably not less than 27 degrees and not more than 60 
degrees, the ratio of the emergent light 30 increased. 
[0059-60] 

Moreover, in the simulation results shown in Fig. 4, there 
was observed a tendency that the ratio of the emergent light 30 
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increased as the average of slopes of the curved surface (9„ v ) 
became larger, but when it exceeded became f urt he-r-l-a-F-g-er- 
e^ee oding a certain level, the ratio conversely decreased. 
Therefore, a comprehensive index of convexoconcave profiles 
providing correlation with the emergent light 30 was investigated. 
As a result, it was found that if a quotient or product of the 
average of slopes of the curved surface (6 nv ) and a ratio of a 
surface area of the curved surface constituting the rough 
surface (A2) to an area of an approximately square region on the 
rough surface (Al, area of the orthogonal projection of the 
rough surface) <A r = A2/A1, henceforth referred to as "surface 
area ratio") was used, the relation with the emergent light 30 can 
be best described. A2 can be obtained by totaling the areas of 
planes in a minute triangle shape obtained from height data. 
[00 60i] 

Figs. 5 and 6 show graphs representing the simulation data 
of Fig. 4 by using the indexes of 0 nv and A x . Fig. 5 represents 
change of the emergent light energy with change of a value 
obtained by dividing the average of slopes of the curved surface 
(0 nv ) by w ith- the surface area ratio (A r ) plotted on in the 
horizontal axis, and Fig. 6 represents change of the emergent 
light energy with change of a value obtained by multiplying the 
average of slopes of the curved surface (9 nv ) by w ith- the surface 
area ratio (A r ) plotted on in the horizontal axis. 

36 



[0061*] 

From the results shown in Figs. 5 and 6, it was found that 
when the value obtained by dividing the average of slopes of the 
curved surface (9 nv ) by wi-th the surface area ratio (A r ) 

(quotient) was not less than 22, or when the value obtained by 
multiplying the average of slopes of the curved surface (9 nv ) by 
with the surface area ratio (A r ) (product) was not less than 30 
and not more than 140, the energy of emergent light - s light having 
an emergent angle of 30 degrees or less sharply increased. That 
is, it can be seen that when either one of the following 
conditions (equation (1) or equation (2) ) is satisfied, a light 
control film exhibits exhibiting high frontal luminance and 

moderate light diffusion property— io constituted. 

9 nv 4- A r Z 22 (1) 
30 £ 9 nv X A r ^ 14 0 (2) 

[00 62-3] 

The value obtained by dividing the average of slopes of the 
curved surface (Q nv ) by w-itrh the surface area ratio (A r ) in the 
formula (1) is more preferably not less than 25. As for the 
lower limit of the product of the average of slopes of the 
curved surface (0 nv ) and the surface area ratio (A r ) in the 
formula (2), it is more preferably not less than 35, and as for 
the upper limit, the product is more preferably not more than 
130. 
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Such conditions must be satisfied at substantially any 
position. The expression "substantially any position" is used 
to mean that it is sufficient that the conditions, should be 
satisfied at almost all observation positions when observation 
is performed at multiple measurement positions for a certain 
specific light control film, and it includes a case wherein that 
the conditions are not satisfied at one or two positions. 
[006A&] 

In the aforementioned simulation for finding the conditions 
which the rough surface of the present invention must satisfy, 
the convex portions were assumed to consist of a material having 
a refractive index of 1.5. However, materials generally used 
for optical films can be used for the patterned layer of the 
light control film of the present invention, and the refractive 
index thereof is not limited to 1 . 5 . In order to generalize the 
conditions in consideration of the refractive index n, the 
aforementioned simulation was repeated^ with changing the 
refractive index within a predetermined range. As a result, it 
was found that when the average of slopes of the curved surface 
(9 n v) is not less than (59 - 20n} degrees and not more than 70 
degrees, the aforementioned effect could be obtained. 
[00654] 

If the aforementioned formulas (1) and (2) are similarly 
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generalized in consideration of the refractive index n, they can 

be represented as the following formulas (3) and (4). 

9 nv i A r X n 2 ^ 35 (3) 

60 ^ 9 nv X A r X n 2 ^ 350 (4) 

[006W] 

The value of the left side of the formula (3) is more 
pre f era bly not less than 40. As for the lower limit of the 
value of the center portion of the formula (4), it is preferably 
not less than more preferably 70, and as for the upper limit, 
the value is more preferably not more than 340. By designing 
the convexo-concave profile in consideration of the refractive 
index of the material constituting the convexoconcaves as 
described above, the luminance in the frontal direction can 

be further m€H?e improved. 
[0067*] 

Another comprehensive index of the convexo-concave profile 
that could provide correlation with the emergent light 3 o was 
further investigated on the basis of the results of the 
aforementioned simulation, and as a result, it was found that if 
a numerical value A sk representing an index of asymmetry of a 
probability density function for the height direction obtained 
from all the surface height data used for obtaining the average 
of slopes of the curved surface, or a numerical value A ku 
representing an index of sharpness of the probability density 



function for the height direction obtained from all the surface 
height data is used, the correlation with the emergent light 3 o 
could be better described — befe - feer -. 
[0068£] 

Figs. 7 and 8 show graphs representing the simulation data 
of Fig. 4 by using the index of 9 nv , and the both represent 
change of the emergent light energy with change in e-f- the 
average of slopes of the curved surface (Q nv ) plotted on in- the 
horizontal axis. In Fig. 1, the points ef- "®" 704 represent the 
data for e-£- the samples showing a value of 1.2 or less as an 
absolute value of A sk represented by the aforementioned formula 

(5). In Fig. 8, the points for -e-f- "®" 804 represent the data of 
the samples showing a value of not less than 1.5 and not more 
than 5.0 as A ku represented by the aforementioned formula (6). 

[0069W] 

From the results shown in Figs. 7 and 8, it was found that 
the energy of emergent -M-ghtr Slight having a en* projected angle 
of 30 degrees or less tended to sharply increase when the 
average of slopes of the curved surface {9 nv ) was not less than 
27 degrees and not more than 70 degrees, whereas the percentage 
r^rfee of the emergent light 30 did not become high in some cases 
even if the average of slopes of the curved surface (9 nv ) was 
within the aforementioned range {the points e# "O" 703 in Fig. 



40 



7, and the points «■# "O" 803 in Fig. 8). However, it was found 
that if only the results where the absolute value of A sk 
represented by the aforementioned formula (5) was not more than 
1.2 (points e# "@" 704 in Fig. 7) were taken observed, the 
percentage ^a*e of the emergent light 30 was always high. 
Moreover, it was found that if only the results where A ku ^ 
represented by the aforementioned formula (6) x _ was not less than 
1.5 and not more than 5.0 (points ef- 804 in Fig. 6) were 

observed, the percentage -^ate of the emergent light 30 was always 
high. 
[007 0i] 

When the average of slopes of the curved surface (9 n v) is 
not less than 27 degrees and not more than 7 0 degrees, 
preferably not less than 27 degrees and not more than 65 
degrees, more preferably not less than 27 degrees and not more 
than 60 degrees, and the absolute value of h sk represented by the 
formula (5) is not more than 1.2, preferably not more than 1.1, 
or A)™ represented by the formula (6) is not less than 1.5 and 
not more than 5.0, preferably not less than 1.5 and not more 
than 4.5,_a particularly superior effect can be obtained. 
[007 12-] 

Such conditions must be satisfied at substantially any 
position. The expression "substantially any position" is used 
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to mean that it is sufficient that the conditions should be 
satisfied at almost all observation positions when observation 
is performed at multiple measurement positions for a certain 
specific light control film, and it includes a case wherei n that 
the conditions are not satisfied at one or two positions. 
[00725] 

In the aforementioned simulation for finding the conditions 
which the rough surface of the present invention must satisfy, 
the convex portions were assumed to consist of a material having 
a refractive index of 1.5. However, materials generally used 
for optical films can be used for the patterned layer of the 
light control film of the present invention, and the refractive 
index thereof is not limited to 1.5. If the condition is 
generalized in consideration of the refractive index n, when the 
average of slopes of the curved surface (9 nv ) is not less than 

(59 - 20n) degrees and not more than 70 degrees, the 
aforementioned effect can be obtained. 

[00734] 

By designing the convexo-concave profile in consideration 
of the refractive index of the material constituting the 
patterned layer as described above, the luminance in the 

frontal direction can be further improved. 

[0074S] 

Figs. 9 and 10 show graphs representing the simulation data 



of Fig. 4 by using the surface area ratio (A r ) , and both the 
graphs represent change of the emergent light energy with change 
of the surface area ratio (A r ) plotted on irn the horizontal axis. 
In Fig. 9, the points o-f 904 represent the data of the 

samples showing a value not more than 1.2 as an absolute value 
of A sk represented by the aforementioned formula (5) . In Fig. 
10, the points e-f- "®" 1004 represent the data of the samples 
showing a value not less than 1.5 and not more than 5.0 as A ku 
represented by the aforementioned formula (6) . 
[00754] 

From the results shown in Figs. 9 and 10, it was found that 

the energy of emergen t lights 1 i ght of an emergent at an angle of 

30 degrees or less tended to sharply increase when the surface 
area ratio (A r ) is not less than 1.2 and not more than 2.5, 
whereas the percentage rate of the emergent light 30 did not 
become high in some cases even if the surface area ratio (A r ) was 
within the aforementioned range (the points ef "O" 903 in Fig. 
9, and the points e-f w O" 1003 in Fig. 10}. However, it was 
found that if only the results where the absolute value of A sk 
represented by the aforementioned formula (5) was not more than 
1.2 (points ®f~ 904 in Fig. 9) were observed, the percentage 

rate of the emergent light 30 was always high. Moreover, it was 
found that if only the results where A ku represented by the 



aforementioned formula (6) was not less than 1.5 and not more 
than 5.0 (points e# "®" 1004 in Fig. 10), the percentage of 
the emergent light 30 was always high. 
[007 63-] 

When this surface area ratio (A r ) is not less than 1.2 and 
not more than 2.5, preferably not less than 1.3 and not more 
than 2.4, more preferably not less than 1.4 and not more than 
2.3, and the absolute value of A sk represented by the formula (5) 
is not more than 1.2, preferably not more than 1.1, or A ku 
represented by the formula (6) is not less than 1.5 and not more 
than 5.0, preferably not less than 1.5 and not more than 4.5, a 
particularly superior effect can be obtained. 
[0077*] 

Such conditions must be satisfied at substantially any 
position. The expression "substantially any position" is used 
to mean that it is sufficient that the conditions should be 
satisfied at almost all observation positions when observation 
is performed at multiple measurement positions for a certain 

; specific light control film, and it includes a case wherein that 
the conditions are not satisfied at one or two positions. 

| [00784] 

In the aforementioned simulation for finding the conditions 
which the rough surface of the present invention must satisfy, 
the convex portions were assumed to consist of a material having 



a refractive index of 1.5. However, materials generally used 
for optical films can be used for the patterned layer of the 
light control film of the present invention, and the refractive 
index thereof is not limited to 1.5. If the conditions are 
g enera lized in consideration of the refractive index n, the 
aforementioned effect can be obtained when the surface area 
ratio (A r ) is not less than (2 - 0.5n) and not more than 2.5. 

[0079&&] 

By designing the profile of the rough surface in 
consideration of the refractive index of the material 
constituting the patterned layer as described above, the 
luminance in the frontal direction can be further m e^e 

improved. 
[0080i] 

By designing the rough surface so that it satisfies shoul -d 
sotiof y the aforementioned conditions, the light control film of 
the present invention can exhibit high front luminance, and hsve 
& light diffusion **3rffe&*ft g property of a certain degree. The 
light control film of the present invention having such 
characteristics is disposed, for example, directly on a light 
guide plate of a backlight unit of the edge light type, or via a 
light diffusing material on a light source of a backlight unit 
of the direct type, and used as a film for controlling the 



direction of emergent lig hto light of the backlight unit. 
[00813] 

So long as "the average of slopes of the curved surface 
(9 nv ) of the rough surface" or "the surface area ratio (A r ) " of 
the light control film of the present invention satisfies any 
one of the aforementioned conditions 1 to 12, the shape and 
arrangement of the convex portions are not particularly limited. 
That is, the convex portions and concave portions may be 
randomly or regularly arranged. However, if a random 
arrangement is used, generation of an interference pattern can 
be easily prevented even if another member having a regular 
pattern is used in combination. Individual convex portions and 
concave portions may have the same shape or different shapes, 
and they may be arranged so that they s-he«4-d overlap w - i - t - h one 
another, or a part or all of the convex portions and concave 
portions shoul d overlap with one another. The height of the 
convex portions and depth of the concave portions are both about 
3 to 100 um, and a rran ge m e nt density of the convex portions or 
the concave portions is preferably about 10 to 200,000 
portions/mm 2 . A typical rough surface of the light control film 
satisfying the aforementioned conditions is shown in Fig. 11. 
[0082-^] 

Hereafter, specific configurations for producing the light 
control film having the aforementioned rough surface will be 
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explained. 
[00334] 

As the material constituting the substrate 11 and the 
patterned layer 12 of the light control film 10 of the present 
invention, materials generally used for optical films can be 
used. Specifically, the material for the substrate 11 is not 
especially limited so long as it is a material exhibiting 

favorable light transmission property i-s ehe -s en - , and plastic 

films such as those of polyethylene terephthalate , polybutylene 
terephthalate, polyethylene naphthalate, polycarbonate, 
polyethylene, polypropylene, polystyrene, triacetyl cellulose, 
polyacrylate, polyvinyl chloride, and so forth can be used. 
[0084-&] 

The material constituting the patterned layer 12 also 
is not-a-tso especially limited so long as a material exhibiting 
favorable light transmission p - ge - pert - y is chosen, and glass, 
polymer resins, and so forth can be used. Examples of the glass 
include oxide glass such as silicate glass, phosphate glass, and 
borate glass. Examples of the polymer resins include 
thermoplastic resins, thermosetting resins, and ionizing 
radiation curable resins such as polyester resins, acrylic 
resins, acrylic urethane resins, polyester acrylate resins, 
polyurethane acrylate resins, epoxy acrylate resins, urethane 
resins, epoxy resins, polycarbonate resins, cellulose resins, 
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acetal resins, vinyl resins, polyethylene resins, polystyrene 
resins, polypropylene resins, polyamide resins, polyimide 
resins, melamine resins, phenol resins, silicone resins, and 
fluorocarbon resins, and so forth. 
[00854] 

Among these materials, polymer resins are preferred in view 
of workability and handling- property , and those having a 
refractive index (JIS K7142:1996) of about 1.3 to 1.7 are 
especially preferred pr e f erabl y u s e d. Even if a material having 
a refractive index n out side of the aforementioned range is used 
as the a- material constituting the patterned layer, favorable 
luminance can be realized so long as the condition 1, 3, 5, 7, 9 
or 11 is satisfied. However, by using a material having a 
refractive index within such a range, high luminance can be 
obtained. In particular, by designing the rough surface so that 
it satisfies one of s hould satio -f-y the conditions 2, 4, 6, 8, 10 
or 12 j_ depending on the refractive index of the material, 
frontal - f-ren-t luminance can be further improved. 
[00863-] 

Although the patterned layer 12 may comprise light 
diffusing agents such as beads of organic materials and 

| inorganic pigments, as with iifee general light diffusive sheets- 
they are not indispensable. The light control film of the 

j present invention provides can exer t- light_diff usiqn di##a-s-±ftg 
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effect to a certain degree by the rough surface itself, even if 
it does not comprise light diffusing agents. If light diffusing 
agents are not used, the other members can a-^e not be damaged by 
light diffusing agents, and e^ light diffusing agents will de 

not separate and 4'al-l fee generate dusts-. 

[00873-3 

As the method for forming the patterned layer 12, 1) a 
method e# using an embossing roller, 2) a method e# using an 
etching treatment, and 3) a method e# using molding wi-t-h— a m o ld 

can be employed. However, a production method e - f - using a mold 

is preferred, because it enables production of light control 
films having a predetermined patterned layer with good 
reproducibility. Specifically, the production can be attained 
by preparing a mold having a profile complementary to that of 
the rough surface is prepared , casting a material constituting 
the patterned layer such as polymer resins is introduced into 
the mold, eu^irftg— the material - is- cured and then removed 7 — a-R-d 

•baking out t - h e— eu- r cd material from the mold. When a substrate 

is used, the light control film p ^ e - duet - ieR can be produced 
a- ttaincd by casting a polymer resin or the like into the mold, 
superimposing a transparent substrate thereon, curing the 
polymer resin or the like, and removing - fe a- ki - ng — the cured 
material together with the transparent substrate from the mold. 
[00884] 
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Although the method of forming a profile complementary to 
the rough surface in the mold is not particularly limited, the 
following method can be employed. For example, convex portions 
having a specific shape are formed on a plate, with a oo that 
the ar r angem ent density of % hc portions ohe-u-l-d-fee several 
thousands portions/mm 2i by a laser microprocessing technique, and 

this plate is used as a male mold to prepare a me ld for molding 

-(-female mold-}-. The c o nvex Convex portions having a specific 
shape means o u ch con- vex portions that when height data thereof 
are measured at with equal intervals of a length that allows 
correct reflection of the shape of one whole convex portion {1.0 
urn or shorter} , the convex portions should satisfy the condition 
1 or 3. Alternatively, resin plates having a convex-concave 
layer are prepared by curing a resin containing particles of a 
predetermined p articles - size dispersed therein, the surfaces of 
the patterned layers are measured by using a surface profiler to 
choose a resin plate satisfying the aforementioned conditions, 
and a mold f er m oldi-ng—f female mold-f is prepared by using the 
chosen plate as a male mold. 
[0089W] 

Although the surface of the light control film opposite t-e 
the rough surface may be smooth, it may be subjected to a fine 
matting treatment in- or de r to prevent generation of Newton rings 
when the film is brought into contact with a light guide plate 



or resin plate, or an antiref lection treatment in order to 
improve light transmittance . 
[0090-1- ] 

Moreover, in order to obtain favorable front luminance, as 
an optical characteristic of the light control film, the film 
desirably has a haze of 60% or more, preferably 70% or more. 
The haze referred to herein is a value of the for haze defined 
in JIS K7136:2000, and is a value obtained in accordance with 
the equation: Haze (%) = [ (i«/t 2 ) - 13(12/11)} x 100 flux of 

incident light, x 2 : total light flux transmitted through a test 
piece, i 3 : light flux diffused in a unit, x 4 : light flux diffused 
in the unit and test piece) . 
I00 91S] 

Although the total thickness of the light control film is 
not particularly limited, it is usually about 20 to 300 urn. 
[0092^] 

The light control film of the present invention explained 
above is mainly used as a member of a backlight constituting a 
liquid crystal display, illumination signboard, and so forth. 
[00934] 

Hereafter, the backlight of the present invention will be 
explained. The backlight of the present invention consists at 
least of a light control film and a light source. As the light 
control film, the aforementioned light control film of the 
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inve ntion is used. Although the orientation d^b^eefeirefi: of the 
light control film arranged in the backlight is not particularly 
limited, it is preferably arranged used so that the rough 

surface -s h - e ul-d - ser-v - e s e r v e s d - as a light emergent surface— ©i-de. 

For the backlight, a configuration called the edge light type or 

the direct type is preferably employed. 

[0094#] 

A backlight of the edge light type consists of a light 
guide plate, a light source disposed on at least one end of the 
light guide plate, a light control film disposed on the light 
emergent surface side of the light guide plate, and so forth. 
The light control film is preferably arranged used so that the 

rough surface should serves e r ve sd as the light emergent surface. 

Further, a prism sheet is preferably used between the light 
guide plate and the light control film. With such a 
configuration, a backlight unit exhibiting superior balance of 
front luminance and viewing a— view- angle , without and — n^e 
exhibiting glare, which is a problem peculiar to a prism sheet, 
can be provided. 
[0095£] 

The light guide plate has a substantially plate-like shape 
with at least one of its w h i c h sides serving s-e^e-s as a light 
incident surface and one of its whieh- surfaces perpendicular to 
the light incident side serving servos as a light emergent 
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surface^ — aad The lig ht guide plate is formed mainly ee&s4-s4~s of 
a matrix resin selected from highly transparent resins such as 
polymethyl methacrylate . Resin particles having a refractive 
index different from that of the matrix resin may be added as 
required. Each surface of the light guide plate need may not be 
a uniform plane, but may have h as- a complicated surface profile, 
or may be subjected to diffusion printing of #€H? a dot pattern 
or the like. 
[00 96^] 

The light source is disposed at an end of the light guide 
plate, and a cold-cathode tube is mainly used for this purpose . 
Examples of the shape of the light source include a linear 
shape, L-shape, and so forth. 
[0097&] 

Besides the aforementioned light control film, light guide 
plate, and light source, the backlight of the edge light type 
may be equipped with a light reflector, a polarization film, an 
electromagnetic interference shield film etc.^ depending on the 
purpose . 
[00984] 

One embodiment of the backlight of the edge light type 
according to the present invention is shown in Fig. 12. This 
backlight 140 has a configuration wherein t-ha-t light sources 142 
are provided on the both sides of a light guide plate 141, and a 
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light control film 143 is placed on the upper side ^ p£Kbde of the 
light guide plate 141 so that a rough surface is_ ohould be 
exposed to the outside. The light sources 142 are covered with 
light source rear reflectors 144 except for the portio ns pa^e 
facing the light guide plate 141 so that jbaghfe elight from the 
light source shoul d efficiently enters into the light guide 
plate 141. Moreover, a light reflector 146 housed store d in a 
chassis 145 is provided under the light guide plate 141. By 
this configuration, lAgh^slight projected on the side of the 
light guide plate 141 opposite te the projecting side^i_s a^e 
returned into the light guide plate 14 1^ again to increase the 
li ghts- light emerging from the projection surface of the light 
guide plate 141. 
| [0099^-W] 

A backlight of the direct type consists of a light control 
film, a-ed a light diffusive material and a light source^ 
disposed in this order on a surface of the light control film_,_ 
opposite t-e the light emergent surface, and so forth. The light 
control film is preferably oriented ^ a^ed so that the rough 
surface -s hould oerve servesd as the light emergent surface. 
Moreover, a prism sheet is preferably used between the light 
diffusing material and the light control film. With such a 
configuration, the a backlight unit exhibits exhibiting superior 
balance of front luminance and viewing angle , without and 



~z~ --ox-bib 1 t-i-f*ff glare, which is a problem peculiar to a prism 

s hee t- --e - a - R - be preview . 

[01001] 

The light diffusive material erases the 4rS- for - cfasifi^-e 

pattern of the light source, and a milky resin plate, a 
transparent substrate on which a dot pattern is formed on a 
portion corresponding to the light source (lighting curtain) ^ as 
well as a so-called light diffusive film having a convexo- 
concave light diffusing layer on a transparent film, and so 
forth can be used individually or in a suitable combination. 
[01012] 

As the light source, a cold-cathode tube is mainly used. 
Examples of the shape of the light source include a linear 
shape, L-shape, and so forth. Besides the aforementioned light 
control film, light diffusing material, and light source, the 
backlight of the direct type may be equipped with a light 
reflector, a polarization film, an electromagnetic wave shield 
film, etc.^ depending on the purpose. 

[01023] 

One embodiment of the backlight of the direct type 
according to the present invention is shown in Fig. 13. This 
backlight 150 has a configuration wherein th at plural light 
sources 152 are provided above a light reflector 156 housed 



stored in a chassis 155, and a light control film 153 is placed 
thereon via a light diffusive material 157^ as shown in the 
drawing. 
[01034] 

Because the backlight of the present invention utilizes a 
light control film having a specific rough surface as a light 
control film that controls direction of lighto light emerging 
from a light source or a light guide plate, it eaft improves 
front luminance as compared with conventional backlights, and 

suffers from the problems of glare and generation of- scratches 

to lesser in less degrees , as compared with the case of using a 
prism sheet alone. 
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[Examples] 
[0104-&] 

Hereafter, the present invention will be further .explained 
with reference to examples.-.. 
[0105*] 

[Examples 1 to 4] 

Four kinds of molds (1) to (4) on which predetermined 
convexo-concave profiles were formed by a laser microprocessing 
technique were prepared, an ultraviolet curing resin having a 
refractive index of 1.50 was poured into the molds (1} to (3), 
and a silicone resin having a refractive index of 1.40 was 
poured into the mold (4) . Subsequently, the poured resins were 
cured, and then taken out from the molds to obtain light control 
films (1} to (4) having a size of 23 cm (for the direction 
perpendicular to the light source} x 31 cm (for the direction 
parallel to the light source) (light control films of Examples 1 
to 4} . 

[010W-] 

Then, height - data of - - t-h e— ^e ugh surf aco heights of the rough 

surface (light emergent surfaces) of the light control films (1) 
to (4) were measured by using "a laser microscope (VK-9500, 
KEYENCE CORP.) with an objective lens of magnification x 50. 
The measurement interval in the plane was about 0.26 urn. Since 
one field of the objective lens of magnification x 50 is 270 pm 
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x 202 urn, an automatic connecting function was used to obtain 
surface height data of a region of 1 mm x 1 mm. The measurement 
was performed at__5 arbitrary ■& positions on each light control 
film, and averages of slopes of the curved surfaces to base 
planes (9 nv , unit is degree) were calculated by using_the these 
surface height data. The results obtained for the light control 
films (1) to (4) are shown in Table 1. Further, by using a 
turbidimeter (NDH2000, Nippon Denshoku) , haze-s- of the light 
control films (1) to (4) was w ere measured according to JIS 
K7136:2000. The measurement results are also shown in Table 1. 
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-H0107-&] 
[Table 1] 
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[0108S] 

As seen from the results shown in Table 1, the averages of 
slopes of the curved surfaces of the light control films of 
Examples 1 to 4 were not less than 27 degrees and not more than 
70 degrees at all the measurement points. Moreover, all the 
light control films of Examples 1 to 4 had a haze of 70% or 
higher, _-and thus satisfied the optical characteristics required 
for obtaining favorable front luminance. 
[01094O] 

Then, the light control films (1) to (4) were each 
incorporated into a 15-inch edge light type backlight unit (one 
cold-cathode tube was provide d on each side- of upoido an d 
downside), and front luminance was measured . That is, the light 
control films (1) to (4) were each disposed on a light guide 
plate so that the rough surface -sh oul d s-e-rve served as the light 
emergent surface, and the luminance was measured at each 
emergent angle for the parallel and perpendicular directions 
with respect to the light source (cold-cathode tubes) positioned 
at the center of the backlight unit (1 inch = 2.54 cm) . The 
results obtained for the light control films (1) to (4) are 
shown in Table 2 (unit is "cd/m 2 ") . 
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[ 011 Oi] 
[Table 2] 
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[Qui*] 

It was demonstrated by the results shown in Table 2 that, 
for the light control films of Examples 1 to 4, only by 
incorporating one sheet of light control film into the backlight 
unit, the luminance for emergent angles of 30 degrees or less 

could be increased, and thus strong erne r g e n - fe M - ght-s -1 i gh t eeuid 

■ be obtained for emerged in the front direction. 
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[01123] 

[Examples 5 to 8] 

Four kinds of molds (5) to (8) on which predetermined 
convexo-concave profiles were formed by a laser microprocessing 
technique were prepared, an ultraviolet curing resin having a 
refractive index of 1-50 was poured into the molds (5) to (7), 
and a silicone resin having a refractive index of 1-40 was 
poured into the mold (8). Subsequently, the poured resins were 
cured, and then taken out from the molds to obtain light control 
films (5) to (8) having a size of 23 cm x 31 cm (light control 

films of Examples 5 to 8) . 

[01134] 

Then, hnight rintn of the rough surf aco heights of the rough 
surface {light emergent surfaces) of the light control films (5) 
to (8} were measured in the same manner as that used in Examples 
1 to 4 . The measurement was performed at___5 arbitrary £ 
positions on each light control film, and averages of slopes to 
base planes of the curved surfaces (9 nv , unit is degree) were 
calculated by using the obtained surface height data. Further, 
surface areas of the rough surfaces (A2) were obtained from the 
same surface height data, the ratios thereof to the orthogonal 
projections of the measured rough surfaces (Al) {A r = A2/A1) were 
calculated, and products or quotients were obtained by using the 
averages of slopes of the curved surface (e nv } , and the surface 



area ratios (A r ) . The results obtained, for the light control 
films (5) to (8) are shown in Table 3 (unit of slope is 
"degree") . Further, by using a turbidimeter (NDH2000, Nippon 
Denshoku) , the haze hazes of each the light control films (5) 
(3) was wer-e measured according to JTS K7136:2000. The 
measurement results are also shown in Table 3. 
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[Oil 4-5-] 
[Table 3] 
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[0115-6] 

As shown in Table 3, in the light control films of Examples 
5 to 8, variatio n in - fluctuation of the average of slopes of the 
curved surface and the surface area ratio was small at all the 
measurement points, and thus the films had a uniform roughness 
€to ^ e ^H r6 ^ a r i the whoJ re— fa^afts. Moreover, all the light 
control films of Examples 5 to 8 had a haze of 70% or higher, 
and thus satisfied the optical characteristics required for 
obtaining favorable front luminance. 
[Oil 67-] 

Then, the light control films (5) to (8) were each 
incorporated into a 15-inch edge light type backlight unit (one 
cold-cathode tube was provided on £en? each side of upside and 
downside) , and front luminance was mcasurcd _)_. That is, the 
light control films (5) to (8) were each disposed on a light 
guide plate so that the rough surface s4H?u4rd--ee^e served as the 
light emergent surface, and the luminance was measured at each 
emergent angle for the parallel and perpendicular directions 
with respect to the light source {cold-cathode tubes) positioned 
at the center of the backlight unit (1 inch = 2.54 cm). The 
results obtained for the light control films (5) to (8} are 
shown in Table 4 {unit is "cd/m 2 ") . 
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[01 12*] 

[Table 4] 
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[0118*] 

It was demonstrated by the results shown in Table 4 that, 
for the light control films of Examples 5 to 8, only by 
incorporating one sheet of light control film into the backlight 
unit, the luminance for emergent angles of 30 degrees or less 
could be increased, and thus strong emergent light -slig ht emerged 
in coul d bo obtain e d for- the front direction. 
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[011924] 

[Comparative Examples 1 to 3] 

For commercially available light diffusive sheets 
(Comparative Examples 1 to 3) , surface profiles of rough 
surfaces (light emergent surfaces} were measured at 5 points on 
each film in the same manner as that used in the foregoing 
examples, and averages of slopes of the curved surface (G„ v ) were 
calculated. The results obtained for the light diffusive sheets 
of Comparative Examples 1 to 3 are shown in Table 5 in order. 

[Table 5] 
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0nv 

(degree) 


haze 

(%) 


Comparativ 
Exatnp 1 e 1 


2 5. 2 


8 9. 2 


2 5. 3 


2 5. 0 


2 6.2 


2 6. 0 




16. 8 


8 5. 7 


16. 3 


Comparativ 
Examp 1 e 2 


17. 2 


16. 7 


16. 1 




10. 7 


AC c 

Do. i> 


10. 3 


Comparativ 
Examp 1 e 3 


10. 6 


10. 7 


11.2 



[0121S] 

As seen from the results shown in Table 5, none of a4rjr the 
light diffusive sheets of Comparative Examples 1 to 3 were t h&s< 
that could net- provide an average of slopes of the curved 
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surface {9 nv ) not less than 27 degrees and not more than 70 
degrees at all the measurement points. 

[01222] 

Then, the light diffusive sheets of Comparative Examples 1 
to 3 were each incorporated into a 15-inch edge light type 
backlight unit (one cold-cathode tube was provided___on le* each 
s ide-e f upside and d ownsid e? , and front luminance was measured. 
That is, the light diffusive sheets of Comparative Examples 1 to 
3 were each disposed on a light guide plate so that the rough 
surface of the light diffusive sheet should ee^veserved as the 
light emergent surface, and the luminance was measured at each 
emergent angle for the parallel and perpendicular directions 
with respect to the light source (cold-cathode tubes) positioned 
at the center of the backlight unit (1 inch - 2.54 cm). The 
results are shown in Table 6. 
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[01234] 
[Table 6] 







luminance (c d/m 2 ) 






Comparative 
Examp 1 e 1 


Comparative 
Example 2 


Comparative 
Example 3 


parallel direction 


left 45 

degree 


117 0 


13 10 


12 5 0 


left 30 

degree 


15 4 0 


13 10 


117 0 


0 

degree 


15 6 0 


12 2 0 


10 7 0 


r i ght 30 

degree 


15 10 


13 10 


117 0 


r i ght 45 

degree 


117 0 


13 10 


12 4 0 


per pend i gu 1 ar d i r ect i on 


up 45 

degree 


13 4 0 


16 2 0 


15 4 0 


up 30 

degree 


17 4 0 


15 0 0 


13 2 0 


0 

degree 


15 6 0 


12 2 0 


10 7 0 


down 30 

degree 


17 0 0 


14 7 0 


13 7 0 


down 45 

degree 


13 4 0 


15 8 0 


16 0 0 



[0124*] 

As seen from the results shown in Table 6, when the 
conventional light diffusive sheets were incorporated into the 
backlight unit, favorable front luminance could not be obtained. 
[0125-6] 

As clearly seen from the results of the aforementioned 
examples, the light control films of the examples of the present 
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invention exhibited w ore th o oc exhibiti ng superior front 
luminance and appropriate light dif f usion- 4i^feafif--f-fepef%y, 
because the rough surfaces thereof were designed to satisfy 

parameters of the present invention the specif ic conf igur a^irOB:. 

Moreover, by incorporating such light control films into a 
backlight unit, the backlight units exhibited e^fe-ibiting- strong 
front luminance wit hout and not suffering from glare_or a^ 

gene rat i-efi--ef an interference pattern-ee^ui^-be provided-. 

[0126^] 

[Examples 9 to 12] 

Four kinds of molds (9) to (12) on which predetermined 
convexo-concave profiles were formed by a laser microprocessing 
technique were prepared, an ultraviolet curing resin having a 
refractive index of 1.50 was poured into the molds (9} to (11), 
and a silicone resin having a refractive index of 1.40 was 
poured into the mold (12). Subsequently, the poured resins were 
cured, and then taken out from the molds to obtain light control 
films (9) to (12) having a size of 23 cm (for the direction 
perpendicular to the light source) x 31 cm (for the direction 
parallel to the light source) (light control films of Examples 9 
to 12) . 
[0127-8-] 

Then, dntn o f the r eu^h-^Hrf-ae eheights of the roug h 

surface (light emergent surfaces) of the light control films (9) 



to (12) were measured by using a laser microscope {VK-9500, 
KEYENCE CORP.) with an objective lens of magnification x 50. 
The measurement interval in the plane was about 0.2 6 urn. Since 
one field of the objective lens of magnification x 50 is 270 urn 
x 202 urn, an automatic coupling function was used to obtain 
surface height data of a region of 1 mm x 1 mm. The measurement 
was performed at__5 arbitrary & positions on each light control 
film, and averages of slopes of the curved surfaces to base 
planes (0 nv ) were calculated by using the these surface height 
data. Further, A sk was calculated in accordance with the 
aforementioned formula (5) by using the same surface height 
data. The results obtained for the light control films (9) to 

(12) are shown in Table 1 (unit of slope is "degree"). Further, 
by using a turbidimeter (NDH2000, Nippon Denshoku) , the haze 
hazce of each o f the light control films (9) to (12)_was ttefe 
measured according to JIS K7136:2000. The measurement results 
are also shown in Table 1. 
| [01283] 

[Table 7] 
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9 nv 

(degree) 


1 A sk | 


haze 

(%) 


Examp 1 e 9 


4 2. 0 


0 6 6 1 


8 2.5 


4 3. 8 


0 6 5 5 


4 1. 0 


0 6 4 4 


4 0 9 


0 6 5 2 


4 1. 0 


0 6 3 1 


Example 10 


3 4. 1 


0 6 6 1 


8 2.6 


3 5 2 


0 6 6 7 


3 5. 6 


0 6 8 3 


3 5 6 


0 6 7 1 


3 3. 9 


0 6 5 4 


Example 11 


2 9. 6 


0 0 10 


7 9. 1 


2 8 2 


0 0 3 8 


2 8 6 


0 10 4 




0 0 9 8 


2 9 7 


0 10 3 


Example 12 




0 3 6 6 


8 2.0 


3 4. 9 


0 . 3 6 9 


3 5.9 


0.368 


3 5. 7 


0.351 


3 8.1 


0.370 



[01293G] 

As seen from the results shown in Table 7, the averages of 
slopes of the curved surfaces (9 nv ) of the light control films of 
Examples 9 to 12 were not less than 27 degrees and not more than 
70 degrees at all the measurement points. Further, none of ait 
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the absolute values of A sk was w ere net more than 1.2. Moreover, 
all the light control films of Examples 9 to 12 had a haze of 
70% or higher, and thus satisfied the optical characteristics 
required for obtaining favorable front luminance. 
[0130i] 

Then, the light control films (9) to (12) were each 
incorporated into a 15-inch edge light type backlight unit (one 
cold-cathode tube was provided on #&g each side of u psi d e and 
downside) , and front luminance was measured. That is, the light 
control films (9) to (12) were each disposed on a light guide 
plate so that the rough surfaces should oorve served as the light 
emergent surfaces, and the luminance was measured at each 
emergent angle for the parallel and perpendicular directions 
with respect to the light source (cold-cathode tubes) positioned 
at the center of the backlight unit (1 inch - 2.54 cm). The 
results obtained for the light control films (9) to (12) are 
shown in Table 8 (unit is "cd/m 2 ") . 
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[01 315- ] 
[Table 8] 







luminance (c d/m 2 ) 






Example 9 


Example 10 


Example 11 


Example 12 




1 eft 45 

degree 


10 4 0 


112 0 


115 0 


113 0 


tioi 


1 eft 30 

degree 


19 6 0 


17 4 0 


16 5 0 


17 2 0 


— o 

— i_ 


, o 

degree 


2 110 


18 10 


16 8 0 


17 8 0 


parai 
di 


right 30 

degree 


19 3 0 


17 2 0 


16 3 0 


17 0 0 


r t gn t 4b 

degree 


10 6 0 


113 0 


115 0 


113 0 


c 

° 


up 45 

degree 


9 0 3 


115 0 


12 5 0 


117 0 


03 — 
— 4_j 
ZJ o 


up , 30 

degree 


2 0 7 0 


18 7 0 


17 9 0 


18 5 0 


■pendic 
dire 


. o 

degree 


2 110 


18 10 


16 8 0 


17 8 0 


down 30 

degree 


2 0 6 0 


18 7 0 


1 8 0 0 


18 6 0 


Q. 


down, 45 

degree 


9 4 8 


1 1 7 0 


12 7 0 


12 0 0 



[0132*] 

It was demonstrated by the results shown in Table 8 that, 
for the light control films of Examples 9 to 12, only by 
incorporating one sheet of light control film into the backlight 
unit, the luminance for emergent angles of 30 degrees or less 
could be increased, and thus strong efae rgcnt li -^h-telight emerged 
in could be obta ined fe-r- the front direction. 
[01334] 

[Examples 13 to 16] 

Four kinds of molds (13) to (16) on which predetermined 
convexo-concave profiles were formed by a laser microprocessing 



technique were prepared, an ultraviolet curing resin having a 
refractive index of 1.50 was poured into the molds (13) to (15), 
and a silicone resin having a refractive index of 1.40 was 
poured into the mold (16) . Subsequently, the poured resins were 
cured, and then taken out from the molds to obtain light control 
films (13) to (16) having a size of 23 cm x 31 cm. 
[01345] 

Then, height d a^a— -eg- the roug h—g-^r-f-a-ee heights of the rough 
surface (light emergent surfaces) of the light control films 

(13) to (16) were measured in the same manner as that used in 
Examples 9 to 12. The measurement was performed at 5 arbitrary 
■§ positions on each light control film, and averages of slopes 
of the curved surfaces to base planes (9 nv ) were calculated by 
using the obtained surface height data. Further, was 
calculated in accordance with the aforementioned formula (6) by 
using the same surface height data. The results obtained for 
the light control films (13) to (16) are shown in Table 9 (unit 
of slope is "degree") . Further, by using a turbidimeter 

(NDH2000, Nippon Denshoku) , the ha ze ha ~ ze s of each of the light 
control films (13) to (16} was we-r-e measured according to JIS 
K7136:2000. The measurement results are also shown in Table 9. 
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[0135*] 
[Table 9] 





0 n, 

(degree) 


A, 


haze 

(%) 


Examp 1 e 13 


4 9.6 


2.072 


8 2. 8 


4 8. 2 


2.018 


4 4.9 


2. 15 1 


4 5.8 


2. 113 


4 6. 7 


2. 044 


Example 14 


4 0.1 


4. 0 2 3 


7 6. 2 


4 1. 1 


3. 9 10 


3 8.2 


4.005 


3 8.5 


4.102 


3 8.9 


4.146 


Example 15 


3 4.0 


2 . 0 6 3 


8 2.7 


3 5. 2 


2 0 3 4 


3 2.8 


1. 9 9 0 


3 3. 0 


2. 13 1 


3 4.2 


2. 15 0 


Example 16 


4 1.5 


1. 7 10 


8 2.6 


4 2.3 


1. 6 6 1 


4 0. 4 


1 . 7 2 3 


4 2. 9 


1. 7 7 4 


4 3. 0 


1 . 7 2 6 





[01362] 

As seen from the results shown in Table 9 r the averages 
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slopes of the curved surfaces {6 nv ) of the light, control films of 
Examples 13 to 16 were not less than 27 degrees and not more 
than 70 degrees at all the measurement points. Further, none of 
a4i the values of A ku were-ftet less than 1.5 o_r_a^d~ae4=- more than 
5.0. Moreover, all the light control films of Examples 13 to 16 
had a haze of 70% or higher, and thus satisfied the optical 
characteristics required for obtaining favorable front 
luminance . 
[0137*]' 

Then, the light control films (13) to (16) were each 
incorporated into a 15-inch edge light type backlight unit (one 

cold-cathode tube was provided on_#e* each side of up aide and 

downside ) , and front luminance was measured. That is, the light 
control films (13) to (16) were each disposed on a light guide 
plate so that the rough surface sh ould scrve serve d as the light 
emergent surface, and the luminance was measured at each 
emergent angle for the parallel and perpendicular directions 
with respect to the light source (cold-cathode tubes) positioned 
at the center of the backlight unit (1 inch =2.54 cm). The 
results obtained for the light control films (13) to (16) are 
shown in Table 10 (unit is "cd/m 2 "} . 



78 



[013839] 
[Table 10] 







luminance 


( c d / m 


2 ) 






Example 13 


Example 14 


Example 15 


Example 16 




left 45 

degree 


10 5 0 


113 0 


115 0 


1120 


c 
o 

-M 


left 30 

degree 


1950 


16 9 0 


16 3 0 


17 4 0 


O <D 
— l_ 


0 

degree 


2 10 0 


17 4 0 


16 5 0 


18 10 


COTS 


right 30 

degree 


19 2 0 


16 7 0 


16 10 


17 2 0 


CL 


r i ght 45 

degree 


10 6 0 


114 0 


116 0 


1 1 3 0 




up 45 

degree 


9 11 


12 0 0 


1 2 7 0 


115 0 




up 30 

degree 


2 0 7 0 


18 3 0 


17 7 0 


18 7 0 


o S 


degree 


2 10 0 


17 4 0 


16 5 0 


18 10 


rper 
c 


down 30 

degree 


2 0 5 0 


18 3 0 


17 8 0 


18 8 0 


Q 


dowir 45 

degree 


9 5 6 


1 2 2 0 


13 0 0 


117 0 



[013944] 

It was demonstrated by the results shown in Table 10 that, 
for the light control films of Examples 13 to 16, only by ■ 
incorporating one sheet of light control film into the backlight 
unit, the luminance for emergent angles of 30 degrees or less 
could be increased, and thus strong em er gent light s light emerge d 
in e^ui4-^e-ete-ta4r¥ted-#e^ the front direction. 
[0140i] 

[Comparative Examples 4 to 6] 

Three kinds of molds (17) to (19) on which predetermined 
convexo-concave profiles were formed by a laser microprocessing 



technique were prepared, and an ultraviolet curing resin having 
a refractive index of 1.50 was poured into the molds. 
Subsequently, the poured resin was' cured, and then taken out 
from the molds to obtain light control films {17) to (19) having 
a size of 23 cm x 31 cm (light control films of Comparative 
Examples 4 to 6) '. 
[01412] 

Then, ^^t--^a-i^^f^4ie---^u^h ourf ae e height s of the rough 

su rface (light emergent surfaces) of the light control films 
(17) to (19) were measured in the same manner as that used in 
Examples 9 to 12. The measurement was performed at 5 arbitrary 
£ positions on each light control film, and averages of slopes 
of the curved surfaces to base planes (9 nv ) were calculated by 
using the obtained surface height data. Further, A sk was 
calculated in accordance with the aforementioned formula (5) by 
using the same surface height data. The results obtained for 
the light control films (17) to (19) are shown in Table 11 (unit 
of slope is "degree") . 
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[01425] 
[Table 11] 





e nv 

(degree) 


1 A sk i 


haze 

(%) 


Comparative 


3 3.8 


1 . 2 7 2 


8 1. 2 


3 3.0 


1.258 


Example 4 


3 5. 5 


1 . 2 8 6 


3 4.8 


1 . 2 6 9 


3 2. 2 


1„ 2 6 9 


Comparative 


4 1. 5 


1.479 


8 1.3 


4 0.2 


1.435 


Example 5 


4 2.1 


1.452 


4 0.8 


1. 4 5 0 


4 0.2 


1 . 4 5 6 


Comparative 


4 7.7 


1.408 


7 4. 5 


4 5.7 


1 . 3 9 8 


Example 6 


5 0.1 


1 . 3 8 8 


4 9. 8 


1 . 4 2 9 


4 8. 5 


1.404 



[01434] 

As seen from the results shown in Table 11, the averages of 
slopes of the curved surfaces (9 nv ) of the light control films 
(17) to (19) were not less than 27 degrees and not more than 70 
degrees at all the measurement points. However, all the values 
of A s)c were more than 1.2. 
[0144#] 

81 



Then, the light control films (17) to (19) were each 
incorporated into a 15-inch edge light type backlight unit (one 

cold-cathode tube was provided on # ea? each side of upside and 

downsid e) , and front luminance was measured. That is, the light 
control films (17) to (19) were each disposed on a light guide 

plate so that the rough surface -shou ld- s-e - r - v - e s e r ve d as the light 

emergent surface, and the luminance was measured at each 
emergent angle for the parallel and perpendicular directions 
with respect to the light source (cold-cathode tubes) positioned 
at the center of the backlight unit (1 inch = 2.54 cm). The 
results obtained for the light control films (17) to (19) are 
shown in Table 12 (unit is "cd/m 2 ") . 
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[01454] 
[Table 12] 







luminance (c 


d/m 2 ) 






Comparative 
Example 4 


Comparative 
Example 5 


Comparat t ve 
Example 6 


c 


left 45 

degree 


12 3 0 


12 10 


12 0 0 


— 4-» 


left 30 

degree 


14 2 0 


14 6 0 


15 0 0 


CD O 

— o 

— i*. 


0 

degree 


13 7 0 


14 2 0 


14 8 0 


TO — 

TO 


right 30 

degree 


14 2 0 


14 5 0 


15 0 0 


Q. 


r i sht 45 

degree 


12 2 0 


12 10 


12 0 0 


C 


up 45 

degree 


15 0 0 


14 6 0 


14 2 0 


— 4_j 
Z3 O 


up 30 

degree 


15 9 0 


16 2 0 


16 6 0 


-pendic 
dire 


0 

degree 


13 7 0 


1 4 2 0 


148 0 


down 30 

degree 


16 0 0 


16 3 0 


16 7 0 


CD 
Cl 


down 45 

degree 


15 0 0 


1 4 7 0 


14 2 0 



[0146*] 

From the results shown in Table 12, it was found that when 
the light control films of Comparative Examples 4 to 6 were 
incorporated into a backlight unit, front luminance was 
insufficient . 
[0147*] 

[Comparative Examples 7 to 9] 

Three kinds of molds {20) to (22) on which predetermined 
convexo-concave profiles were formed by a laser microprocessing 
technique were prepared, and an ultraviolet curing resin having 



a refractive index of 1.50 was poured into the molds. 
Subsequently, the poured resin was cured, and then taken out 
from the molds to obtain light control films (20} to (22) having 
a size of 23 cm x 31 cm (light control films of Comparative 
Examples 7 to 9) . 
[0148*] 

Then, height da-£a- ^f the rough s -arfaeeheight s of t he rough 

sur f ace (light emergent surfaces) of the light control films 
(20) to (22) were measured in the same manner as that used in 
Examples 9 to 12. The measurement was performed at 5 arbitrary 
& positions on each light control film, and averages of slopes 
of the curved surfaces to base planes (9 nv ) were calculated by 
using the obtained surface height data. Further, A ku was 
calculated in accordance with the aforementioned formula (6) by 
using the same surface height data. The results obtained for 
the light control films (20) to (22) are shown in Table 13 (unit 
of slope is "degree") . 
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[0149£4] 
[Table 13] 





0 nv 

(degree) 




haze 

(%) 


Comparative 
Example 7 


28. 3 


1.312 


7 0.3 


2 8.8 


1 . 2 5 8 


2 9.0 


1 . 2 8 1 


2 7.7 


1 . 3 3 8 


2 9. 2 


1 . 3 6 1 


Comparative 
Example 8 


3 3.4 


1 . 3 9 5 


7 6.9 


3 4.6 


1 . 3 0 2 


3 3.6 


1.391 


3 4.8 


1 . 4 0 0 


3 4. 9 


1 . 3 9 3 


Comparative 


3 8. 7 


7 . 19 8 


7 0.6 


3 7.4 


7. 2 7 0 


Example 9 


3 9. 6 


7. 16 5 


3 9.9 


7. 0 5 3 


3 8.6 


7. 19 7 



[01504] 

As seen from the results shown in Table 13, the averages of 
slopes of the curved surfaces {9 nv } of the light control films 
(20) to (22} were not less than 27 degrees and not more than 70 
degrees at all the measurement points. However, all the values 
of A ku were either less than 1 . 5 or more than 5.0. 
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[ 01515- ] 

Then, the light control films (20) to (22) were each 
Incorporated into a 15-inch edge light type backlight unit (one 
cold-cathode tube was provide d on -f-en? each side e^--^s-ide--a^d 
dewns - i - d - e ) , and front luminance was measured. That is, the light 
control films (20) to (22) were each disposed on a light guide 
plate so that the rough surface sheu Id-series e r ved as the light 
emergent surface, and the luminance was measured at each 
emergent angle for the parallel and perpendicular directions 
with respect to the light source (cold-cathode tubes) positioned 
at the center of the backlight unit (1 inch = 2.54 cm). The 
results obtained for the light control films (20) to (22) are 
shown in Table 14 (unit is w cd/m 2 ") . 

[01523] 

[Table 14] 
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lumimance (c 


d/m 2 ) 






Comparative 
Example 7 


Comparative 
Example 8 


Comparative 
Example 9 




left 45 
degree 


12 7 0 


12 2 0 


12 4 0 


:i on 


left 30 

degree 


13 10 


14 5 0 


13 9 0 


+■» 
© o 

— CD 


0 

degree 


12 10 


14 0 0 


13 2 0 


— i_ 
CO — 

CO 


right 30 

degree 


13 10 


14 4 0 


13 9 0 


Ql 


right ,45 
degree 


12 6 0 


12 10 


12 3 0 


;ular 
)ct i on 


up 45 

degree 


16 3 0 


14 8 0 


15 5 0 


up 30 

degree 


14 8 0 


16 10 


15 5 0 


■— k_ 

-a — 


degree 


12 10 


14 0 0 


13 2 0 


rpei 


down 30 

degree 


15 0 0 


16 2 0 


15 7 0 


m 

Cl 


down 45 

degree 


16 2 0 


14 8 0 


15 4 0 



[01534] 

From the results shown in Table 14, it was found that when 
the light control films of Comparative Examples 7 to 9 were 
incorporated into a backlight unit, front luminance was 
insufficient . 
[0154-5-] 

[Comparative Examples 10 and 11] 

For commercially available light diffusive sheets 

{Comparative Examples 10 and 11), surface height -d at a o f rough 
surfaces (light emergent surfaces) were measured in the same 
manner as in the foregoing Examples at 5 arbitrary & positions 
on each sheet, and averages of slopes of the curved surfaces 
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{9 nv ) were obtained. Further, A 3k and A to were calculated in 
accordance with the aforementioned formulas (5) and (6), 
respectively, by using the same surface height data. The 
results obtained for the light diffusive sheets of Comparative 
Examples 10 and 11 are shown in Table 15. 

[0155-6] 

[Table 15] 





0 &v 
(degree) 


1 A 1 


A, 


Comparative 
Example 10 


2 5. 3 


0 . 13 1 


3. 3 2 1 


2 6. 3 


0.134 


3. 2 8 2 


2 6.3 


0. 12 8 


3 . 4 0 9 


24. 8 


0.125 


3.259 


24. 2 


0.135 


3. 3 5 3 


Comparative 
Example 11 


16. 8 


0.730 


3. 6 6 1 


16. 6 


0. 7 3 3 


3. 8 0 3 


17.4 


0. 7 4 1 


3. 8 2 3 


17.5 


0. 7 5 9 


3. 8 0 8 


17.0 


0.704 


3. 6 8 8 



[0156*] 

As seen from the results shown in Table 15, the light 
diffusive sheets of Comparative Examples 10 and 11 did wefe 

4^o^e— th- at coul -d- not provide an average of slopes of the curved 

surface (9 nv ) not less than 27 degrees and not more than 70 



degrees at all the measurement points. 
[0 157-8- ] 

Then, the light diffusive sheets of Comparative Examples 10 
and 11 were each incorporated into a 15-inch edge light type 
backlight unit (one cold-cathode tube was provided_on each 
side ^^p G idc and downside ) , and front luminance was measured. 
That is, the light diffusive sheets of Comparative Examples 7 
and 8 were each disposed on a light guide plate so that the 
rough surface sh ould cc eryeserved as the light emergent surface, 
and the luminance was measured at each emergent angle for the 
parallel and perpendicular directions with respect to the light 
source (cold-cathode tubes) at the center of the backlight unit 
(1 inch = 2.54 cm). The results are shown in Table 16. 
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[01584] 
[Table 16] 







lumi nance (c d/m 2 ) 






Comparative 

t_Acini|j t is iv 


Comparative 
Ex3inp ! e 11 


c 


left 45 

degree 


118 0 


12 6 0 


o 

— +J 


left 30 

degree 


15 6 0 


13 3 0 


® o 

— <D 


0 

degree 


15 6 0 


12 4 0 


CO — 
(0 


right 30 


15 5 0 


13 3 0 


Ct 


right 45 

degree 


118 0 


12 5 0 


rpendicular 
direction 


up 45 

degree 


13 5 0 


16 10 


up 30 

degree 


17 10 


15 0 0 


0 

degree 


15 6 0 


12 4 0 


down 30 

degree 


17 2 0 


15 2 0 


05 

o. 


down 45 

degree 


13 6 0 


16 0 0 



[0159-60] 

As seen from the results shown in Table 16, when the 
conventional light diffusive sheets were incorporated into a 
backlight unit, favorable front luminance could not be obtained. 
[0160i] 

As clearly seen from the results of the aforementioned 
examples, the light control films of the examples o f the present 
invention exhibited superior front luminance and appropriate 

light diffusion di - f# u-s4rn^--- p - r - ep eg : &y, because the rough surfaces 

thereof were designed to se - t - ha - t- - t - h ey— s- hould satisfy the 
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speni r-; c parameters of the present invention ee-nM-guratioa. 
Further, by incorporating such light control films into a 
backlight unit, backlight units exhibiting high front luminance 
without and not suffering f -geffl glare_or_an ^6~qe^ea^eti-~&S-a: 
interference pattern could be obtained. 
[0161*] 

[Examples 17 to 20] 

Four kinds of molds (23) to (26) on which predetermined 
convexo-concave profiles were formed by a laser microprocessing 
technique were prepared, an ultraviolet curing resin having a 
refractive index of 1.50 was poured into the molds (23) to (25), 
and a silicone resin having a refractive index of 1.40 was 
poured into the mold (26) . Subsequently, the poured resins were 
cured, and then taken out from the molds to obtain light control 
films (23) to (26) having a size of 23 cm (for the direction 
perpendicular to the light source) x 31 cm (for the direction 
parallel to the light source) (light control films of Examples 

17 to 20) . 

[0162-3] 

Then/ frn-ighi- rini-n of the - sough ou rfae eh eights o f the .rough 
surface (light emergent surfaces) of the light control films 
(23) to (26) were measured by using a laser microscope (VK-9500, 
KEYENCE CORP.) with an objective lens of magnification x 50. 
The measurement interval in the plane was about 0.26 urn. Since 
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one field of the objective lens of magnification x 50 is 270 pm 
x 202 um, an automatic connecting function was used to obtain 
surface height data of a region of 1 mm x 1 mm. The measurement 
was performed at 5 arbitrary -5- positions on each light control 
film, surface areas of the rough surfaces (A2) were obtained by 
using the obtained surface height data, and the ratios (A r = 
A2/A1) to the orthogonal projections of the measured rough 
surfaces (Al) were calculated. Further, A sk was calculated in 
accordance with the aforementioned formula {5) by using the same 
surface height data. The results obtained for the light control 
films (23) to (26) are shown in Table 17. Further, measurement 
results of haze hazes of each of the light control films (23) to 
(26)_,_ measured by using a turbidimeter (NDH2000, Nippon 
Denshoku) according to JIS K7136:2000, are also shown in Table 
17. 

[01634] 
[Table 17] 
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A r 


1 A sk | 


haze 

(%) 




2 . 2 3 9 


0.097 


8 2. 8 




2 . 14 4 


0. 12 4 


Example 17 


2. 2 4 1 


0. 10 9 


2. 3 0 6 


0. 0 4 9 


2 . 2 0 8 


0.117 


Example 18 


1 . 7 8 0 


0. 7 9 2 


8 2. 8 


1 . 8 3 4 


0. 8 2 0 


1 . 7 0 5 


0.761 


1 . 7 0 8 


0. 7 9 8 


1 . 8 0 1 


0. 8 2 6 


Example 19 


1 . 4 3 2 


0. 2 6 0 


8 1. 0 


1 . 4 8 9 


0. 2 5 5 


1. 3 8 9 


0. 2 4 8 


1 . 4 2 3 


0.260 


1 . 5 0 0 


0. 2 5 4 


Example 20 


1 . 8 4 3 


0.020 




1. 7 7 3 


0.028 




1 . 8 16 


0. 0 2 7 


8 1. 7 


1. 8 9 4 


0.018 




1. 8 2 3 


0.012 





[01 645- ] 

As seen from the results shown in Table 17, the surface 
area ratios A r of the light control films (23} to (26) of 
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Examples 17 to 20 were not less than 1.2 and not more than 2.5 
at all the measurement points. Further, none a!4r the absolute 
values of A sk was w e re n o t more than 1.2. Moreover, all the 
light control films of Examples 17 to 20 had a haze of 70% or 
higher, and thus satisfied the optical characteristics required 
for obtaining favorable front luminance. 
[01654] 

Then, the light control films (23) to (26) were each 
incorporated into a 15-inch edge light type backlight unit (one 
cold-cathode tube was provided on #e-3? each side of upside and 
eVe-wfrs-jrde) , and front luminance was measured. That is, the light 
control films (23) to (26) were each disposed on a light guide 
plate so that the rough surface should oerve served as the light 
emergent surface, and the luminance was measured at each 
emergent angle for the parallel and perpendicular directions 
with respect to the light source (cold-cathode tubes) positioned 
at the center of the backlight unit (1 inch =2.54 cm). The 
results obtained for the light control films (23) to (26) are 
shown in Table 18 (unit is "cd/m 2 ") . 
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[0166?-] 
[Table 18] 









luminance (cd/m 


2) 






Example 17 


Example 18 


Examp 1 e 19 


Examp 1 e 20 




left 45 

degree 


1110 


110 0 


10 7 0 


1110 


c 
o 

— '-4-J 


left .30 

degree 


17 5 0 


17 9 0 


18 7 0 


17 6 0 


CD O 
— CO 


0 

degree 


18 3 0 


18 8 0 


19 9 0 


18 4 0 


para! 
dir 


right 30 

degree 


17 4 0 


17 7 0 


18 5 0 


17 4 0 


right 45 

degree 


112 0 


1110 


10 9 0 


112 0 


V- O 


up ^45 

degree 


113 0 


10 9 0 


10 0 0 


112 0 


03 — 
— +■* 
=3 O 
O CD 


up , 30 

degree 


18 9 0 


19 2 0 


19 9 0 


18 9 0 


XS 
r- -r-i 


. o 

degree 


18 3 0 


18 8 0 


19 9 0 


18 4 0 


rpei 
( 


down , 30 

degree 


18 9 0 


19 2 0 


19 9 0 


19 0 0 


CD 
Q. 


down 45 

degree 


116 0 


112 0 


10 4 0 


115 0 



[01 67-8-] 

It was demonstrated by the results shown in Table 18 that, 
for the light control films (23) to (26) of Examples 17 to 20, 
only by incorporating one sheet of light control film into the 
backlight unit, the luminance for emergent angles of 30 degrees 
or less could be increased, and thus strong emer ge n t light s-light 
emerged i n eeirird- bc obtained fo g the front direction. 
[01684] 

[Examples 21 to 24] 

Four kinds of molds (27) to (30) on which predetermined 
convexo-concave profiles were formed by a laser microprocessing 



technique were prepared, an ultraviolet curing resin having a 
refractive index of 1.50 was poured into the molds (27) to (29), 
and a silicone resin having a refractive index of 1.40 was 
poured into the mold (30). Subsequently, the poured resins were 
cured, and then taken out from the molds to obtain light control 
films (27) to (30) having a size of 23 cm x 31 cm (light control 
films of Examples 21 to 24). 
[0169W] 

Then, h€A-gh^-daH^a— ef--^^ of the rough 

surface (light emergent surfaces) of the light control films 
(27) to (30) were measured in the same manner as that used in 
Examples 17 to 20. The measurement was performed at 5 arbitrary 
# positions on each light control film, and surface areas of the 
rough surfaces (A2) were obtained by using the obtained surface 
height data, and the ratios (A r = A2/A1) to the orthogonal 
projections of the measured rough surfaces (Al) were calculated. 
Further, A ku was calculated in accordance with the aforementioned 
formula (6) by using the same surface height data. The results 
obtained for the light control films (27) to (30) are shown in 
Table 19 (unit of slope is "degree") . Further, by using a 
turbidimeter (NDH2000, Nippon Denshoku) , the haze ha-ses of each 
of the light control films (27) to (30) was were measured 
according to JIS K7136:2000. The measurement results are also 
shown in Table 19. 
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[01704-] 
[Table 19] 









haze 

(%) 


Example 21 


1 . 4 5 2 


1. 5 9 4 


7 8.4 


1.403 


1 . 5 3 6 


1 . 4 4 6 


1.590 


1 . 5 0 0 


1 . 5 4 8 


1.408 


1. 5 9 3 


Example 22 


1.622 


1. 9 2 5 


8 2.6 


1.686 


1. 9 4 6 


1. 6 8 3 


1.837 


1 , 5 5 4 


1. 9 6 0 


1 . 5 8 4 


1. 8 9 0 


Examp I e 23 


2. 2 3 9 


1.747 


8 2.0 


2. 2 2 9 


1 . 7 2 8 


2.179 


1. 7 8 7 


2. 2 17 


1 . 7 8 3 


2. 2 5 7 


1. 8 3 0 


Examp 1 e 24 


1.780 


2. 5 9 0 




1 . 7 2 7 


2. 5 6 2 


1 . 8 4 8 


2. 6 3 8 


8 2.8 


1 . 8 6 3 


2. 5 9 2 




1.861 


2. 4 8 0 
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[01712] 

As seen from the results shown in Table 19, the surface 
area ratios A r of the light control films of Examples 21 to 24 
were not less than 1.2 and not more than 2 . 5 at all the 
measurement points. Further, all the values of A ku were not less 
than 1.5 and not more than 5.0. Moreover, all the light control 
films (27) to (30) of Examples 21 to 24 had a haze of 70% or 
higher, and thus satisfied the optical characteristics required 
for obtaining favorable front luminance. 
[017 22] 

Then, the light control films (27) to (30) were each 
incorporated into a 15-inch edge light type backlight unit (one 

cold-cathode tube was provided on #e-s? each side of upside and 

downside ) , and front luminance was measured. That is, the light 
control films (27) to (30) were each disposed on a light guide 
plate so that the rough surface s hould sc rv e served as the light 
emergent surface, and the luminance was measured at each 
emergent angle for the parallel and perpendicular directions 
with respect to the light source (cold-cathode tubes) positioned 
at the center of the backlight unit (1 inch = 2.54 cm). The 
results obtained for the light control films (27) to (30) are 
shown in Table 20 (unit is "cd/m 2 ") . 
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[017 34] 
[Table 20] 









1 uini nance 


(c d/m 2 ) 






Example 21 


Exawipl e 22 


Fxamnlp ?S 

LAalilp 1 C LtO 


Fvarnn 1 f* 94 




left 45 

degree 


10 6 0 


110 0 


1110 


110 0 


c 
o 


left 30 

degree 


18 9 0 


17 9 0 


17 4 0 


17 8 0 


— 4-J 

CD o 

— CD 

— t>- 


0 

degree 


2 0 3 0 


18 8 0 


18 3 0 


18 6 0 


CO — 

co"° 


right 30 

degree 


18 7 0 


17 7 0 


17 3 0 


17 6 0 


Q. 


right 45 

degree 


10 8 0 


1 1 1 0 


112 0 


1110 


sular 
3ct i on 


up 45 

degree 


9 6 8 


10 9 0 


113 0 


1110 


up 30 

degree 


2 0 2 0 


19 2 0 


18 9 0 


19 0 0 


dirt 


0 

degree 


2 0 3 0 


18 8 0 


18 3 0 


18 6 0 


rpei 


down 30 

degree 


2 0 10 


19 0 0 


18 9 0 


19 10 


CD 
CL 


down 45 

degree 


10 0 0 


1110 


116 0 


112 0 



[01746] 

It was demonstrated by the results shown in Table 20 that, 
for the light control films of Examples 21 to 24, only by 
incorporating one sheet of light control film into the backlight 
unit, could the luminance for emergent angles of 30 degrees or 

less could be increased, and thus strong emergent lights-light 

emerged in -sou Id fee —efefea3H icd for the front direction. 

[0175*] 

[Comparative Examples 12 to 14] 

Three kinds of molds (31} to (33) on which predetermined 



convexo-concave profiles were formed by a laser microprocessing 
technique were prepared, and an ultraviolet curing resin having 
a refractive index of 1.50 was poured into the molds. 
Subsequently, the poured resin was cured, and then taken out 
from the molds to obtain light control films (31) to (33) having 
a size of 23 cm x 31 cm (light control films of Comparative 
Examples 12 to 14) . 
[017 67-] 

Then, heire^t t data of th e rough surf a-eehe i gh t s of the rough 

surface (light emergent surfaces) of the light control films 
(31) to (33) were measured in the same manner as that used in 
Examples 17 to 20. The measurement was performed at 5_arbitrary 
■& positions on each light control film, surface areas of the 
rough surfaces (A2) were obtained by using the obtained surface 
height data, and the ratios (A r = A2/A1) to the orthogonal 
projections of the measured rough surfaces (Al) were calculated. 
Further, A sk was calculated in accordance with the aforementioned 
formula (5) by using the same surface height data. The results 
obtained for the light control films (31) to (33) are shown in 
Table 21 (unit of slope is "degree") . 
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[0177*] 
[Table 21] 







1 A sk 1 


haze 

(%) 


Comparative 
Example 12 


1 4 13 


2 15 9 


7 8.7 


1 3 8 8 


2 2 4 6 


1 4 3 4 


2 14 6 


1 4 6 2 


2 . 0 9 1 


1 A A $z 

1 . Hfc ^ o 


2 0 5 6 


Comparative 
Example 13 


1 R ^ 8 

1 . o o o 


1 4 7 9 


8 1. 2 


1 6 2 5 


1 5 18 


1 ^ 7 S? 


1 . 4 9 3 


1 7 1 A 

JL . < 1 O 


1 4 5 6 


1 . 6 3 9 


1 . 4 4 7 


Comparative 
Example 14 


2. 4 0 1 


1 . 7 5 5 


7 0. 4 


2.469 


1 . 6 3 7 


2. 2 9 4 


1. 7 4 9 


2.498 


1.824 


2. 3 4 2 


1. 7 5 8 



[0178-S] 

As seen from the results shown in Table 21, the surface 
area ratios h x of the light control films (31) to (33) of 
Comparative Examples 12 to 14 were not less than 1.2 and not 
more than 2.5 at all the measurement points. However, all the 
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absolute values of A sk were more than 1.2. 
[017W] 

Then, the light control films (31) to (33) were each 
incorporated into a 15-inch edge light type backlight unit {one 
cold-cathode tube was provided on #€H? each sid e of u p-sir dc and 
dewn-s-ide) , and front luminance was measured. That is, the light 
control films (31} to (33) were each disposed on a light guide 
plate so that the rough surface eketriL-d— ae^veserved as the light 
emergent surface, and the luminance was measured at each 
emergent angle for the parallel and perpendicular directions 
with respect to the light source (cold-cathode tubes) positioned 
at the center of the backlight unit (1 inch =2.54 cm}. The 
results obtained for the light control films (31) to (33) are 
shown in Table 22 (unit is w cd/m z ") . 

[0180i] 

[Table 22] 
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lum 


nance { c 


d/m 2 ) 






Comparative 
Example 12 


Comparative 
Example 13 


Comparat i ye 
Example 14 




left 45 

degree 


12 4 0 


12 10 


12 2 0 


c 
o 


left 30 

degree 


13 8 0 


14 7 0 


14 3 0 


a> o 


0 

degree 


13 2 0 


14 3 0 


13 8 0 


eo-__ 


right 30 

degree 


13 8 0 


14 6 0 


14 2 0 




right 45 

degree 


12 3 0 


12 10 


12 10 


% ° 


up 45 

degree 


15 4 0 


14 5 0 


14 9 0 


ndicu I? 
di recti 


up 30 

degree 


15 5 0 


16 2 0 


15 9 0 


0 

degree 


13 2 0 


14 3 0 


13 8 0 


rpe 


down 30 

degree 


15 7 0 


16 3 0 


16 0 0 


<D 
Q. 


down 45 

degree 


15 4 0 


14 5 0 


14 9 0 



[0181*] 

From the results shown in Table 22, it was found that when 
the light control films of Comparative Examples 12 to 14 were 
incorporated into a backlight unit, front luminance was 
insufficient . 
[0182£] 

[Comparative Examples 15 to 17] 

Three kinds of molds (34) to (36) on which predetermined 
convexo-concave profiles were formed by a laser microprocessing 
technique were prepared, and an ultraviolet curing resin having 
a refractive index of 1.50 was poured into the molds. 
Subsequently, the poured resin was cured, and then taken out 
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from the molds to obtain light control films (34) to (36) having 
a size of 23 cm x 31 cm (light control films of Comparative 
Examples 15 to 17) . 
[018 34] 

Then, height d ata of the rough surf acc heights of the roug h 
su rface (light emergent surfaces) of the light control films 

(34) to (36) were measured in the same manner as that used in 
the examples. The measurement was performed at 5 arbitrary b- 
positions on each light control film, surface areas of the rough 
surfaces (A2) were obtained by using the obtained surface height 
data, and the ratios (A r = A2/A1) to the orthogonal projections 
of the measured rough surfaces (Al) were calculated. Further, 
A ku was calculated in accordance with the aforementioned formula 

(6) by using the same surface height data. The results obtained 
for the light control films (34) to (36) are shown in Table 23 

(unit of slope is "degree") . 
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[018 4-&] 
[Table 23] 





A r 




haze 

\ /oj 


Comparative 
Example 15 


2 . 0 3 4 


7 . 2 7 0 


7 1.0 


2 . 0 2 5 


7 . 5 7 6 


2 . 0 0 3 


7 . 2 4 9 


2 . 0 4 2 


« Q O C 

d . y o o 


2 . 118 


7 . 4 7 5 


Comparative 
Example 16 


1 . 5 6 5 


1 . 3 5 1 


7 2. 8 


1 . 5 19 


1 . 3 0 1 


1 . 5 7 1 


1 Q Q ^ 
1 . 0 0 4 


1 . 5 9 5 


1 . 4 0 3 


1 . 6 12 


1 3 0 7 


Comparative 
Example 17 


1. 3 9 2 


1 . 3 12 


7 2. 2 


1.441 


1. 3 10 


1 . 3 4 8 


1.319 


1.413 


1. 3 4 9 


1 . 4 0 4 


1 . 2 5 0 



[0185-6] 

As seen from the results shown in Table 23, the surface 
area ratios A r of the light control films of Comparative Examples 
15 to 17 were not less than 1.2 and not more than 2 . 5 at all the 
measurement points. However, all the values of A ku were either 
less than 1.5 or more than 5.0. 
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[018 63-] 

Then, the light control films (34) to (36) were each 
incorporated into a 15-inch edge light type backlight unit (one 
cold-cathode tube was provided on £ene each side e- f--up^ -- i - de--a - n - d 
downsid e) , and front luminance was measured. That is, the light 
control films (34) to (36) were each disposed on a light guide 

plate so that the rough surface should- serve served as the light 

emergent surface, and the luminance was measured at each 
emergent angle for the parallel and perpendicular directions 
with respect to the light source (cold-cathode tubes) positioned 
at the center of the backlight unit (1 inch =2.54 cm). The 
results obtained for the light control films (34) to (36) are 
shown in Table 24 (unit is M cd/m 2 ") . 
[0187*] 
[Table 24] 
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1 um i nance ( c 


i/m 2 ) 






Comparative 
Example 15 


Comparative 
Example 16 


Comparative 
Example 17 


c 


left 45 

degree 


12 2 0 


12 10 


12 7 0 


o 

— +J 


left 30 

degree 


14 6 0 


14 8 0 


13 10 


paral !e 
di rec 


0 

degree 


14 10 


144 0 


12 10 


right 30 

degree 


14 5 0 


14 7 0 


13 10 


right 45 

degree 


12 2 0 


12 10 


12 6 0 


c 
S5.° 


up 45 

degree 


14 8 0 


14 5 0 


16 4 0 


3« 

o <x> 


up 30 

degree 


16 2 0 


16 4 0 


14 8 0 


• — i_ 

-a — 

CT3 


0 

degree 


14 10 


14 40 


12 10 


srpe 


down 30 

degree 


16 3 0 


16 5 0 


15 10 


Q. 


down 45 

degree 


14 7 0 


145 0 


16 3 0 



[0188-9] 

From the results shown in Table 24, it was found that when 
the light control films of Comparative Examples 15 to 17 were 
incorporated into a backlight unit, front luminance was 
insufficient . 
[0189-90] 

[Comparative Examples 18 and 19] 

For commercially available light diffusive sheets 
(Comparative Examples 18 and 19) , is^^r-f-aee— he ight data of heig hts 
on the rough surfaces (light emergent surfaces) were measured in 
the same manner as in the Examples at 5 arbitrary positions on 
each sheet, areas of the rough surfaces (A2) were obtained, and 
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the ratios (A r = A2/A1) to the orthogonal projections of the 
measured rough surfaces (Al) were calculated. Further, A s!c and 
A ku were calculated in accordance with the aforementioned 
formulas (5) and (6), respectively, by using the same surface 
height data. The results obtained for the light diffusive 
sheets of Comparative Examples 18 and 19 are shown in Table 25. 

[0190±] 

[Table 25] 





A r 


1 A sk | 


A ku 


Comparative 
Example 18 


1. 15 7 


0. 17 8 


3.441 


1. 10 7 


0. 17 0 


3 . 5 5 9 


1. 16 6 


0.179 


3 . 5 7 8 


1.117 


0 . 18 4 


3. 5 8 4 


1. 15 6 


0.186 


3. 3 0 9 


Comparative 
Example 19 


1.069 


0. 7 2 2 


3. 6 7 1 


1. 0 2 9 


0. 7 0 7 


3. 7 2 1 


1.081 


0. 7 4 8 


3.697 


1. 10 9 


0. 7 18 


3. 5 0 8 


1.098 


0. 7 2 4 


3. 740 



[01912] 

As seen from the results shown in Table 25, the light 

control films of Comparative Examples 18 and 19 did not have a 

surface area ratio A r not less than 1.2 and not more than 2.5 at 
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all the measurement points. 
[019_2_-3] 

Then, the light diffusive sheets of Comparative Examples 18 
and 19 were each incorporated into a 15-inch edge light type 
backlight unit (one cold-cathode tube was provided on -f-e-ir each 
side of ups -ide and downside ) , and front luminance was measured. 
That is, the light diffusive sheets of Comparative Examples 18 
and 19 were each disposed on a light guide plate so that the 

rough surface nhou 1 d servos eryed as the light emergent surface, 

and the luminance was measured at each emergent angle for the 
parallel and perpendicular directions with respect to the light 
source (cold-cathode tubes) positioned at the center of the 
backlight unit (1 inch =2.54 cm). The results are shown in 
Table 26. 
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[01934] 
[Table 26] 







luminance (c d/m 2 ) 






Comparative 
Example 18 


Comparative 
Example 19 




left 45 

degree 


118 0 


12 6 0 


c 
o 

— -M 


left 30 

degree 


15 6 0 


13 3 0 


<D O 
_ 0 
— , j_ 


0 

degree 


15 6 0 


12 4 0 


CO — 

CO 


right 30 

degree 


15 5 0 


13 3 0 


Q. 


right 45 

degree 


118 0 


12 5 0 


J= o 


up 45 

degree 


13 5 0 


16 10 


CO 

3 O 


up 30 

degree 


17 10 


15 0 0 


rpend i c 
dire 


0 

degree 


15 6 0 


12 4 0 


down 30 

degree 


17 2 0 


1 5 2 0 


© 


down 45 

degree 


13 6 0 


16 0 0 



[0194-&] 

As seen from the results shown in Table 26, when the 
conventional light diffusive sheets were incorporated into a 
backlight unit, favorable front luminance could not be obtained. 
[0195-6] 

Moreover, for the light control films of Examples 1 to 24, 
absolute values of averages ((p ave ) of angles (cp, -180 degrees < cp 

180 degrees) between orthogonal projections of normals of 
curved surfaces of the rough surfaces projected on base planes 
and one side of predetermined approximately square regions were 
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calculated. Specifically, for a square region ( 1 mm x 1 mm) 
determined at one arbitrary position on each of the light 
control films of Examples 1 to 24, the surface profile was 
measured in the same manner as that used in Examples 1 to 24, 
and the curved surface of the rough surface was approximated on 
the basis of the measured height data. The angles <p between 
orthogonal projections of normals at predetermined multiple 
points of the curved surfaces projected on a base plane and one 
side of the predetermined square region were obtained, the 
average thereof, (paver was calculated, and the absolute values 
thereof were was- obtained. The As a result, — fehe absolute value 
of cp ave was 5 or less for all the light control films of Examples 
1 to 24. Furthermore, also with height data obtained by 
rotating the square region within the film around the center of 
the region as a rotation axis, the absolute value of {p ave was 5 
or less irrespective of the orientation direction of the square 
region . 
[0196-7-] 

Taking ffe^ the light control films of Examples 1, 9 and 17 
as typical examples, change in o€ the absolute value of <p ave 
observed when the direction of the determined square was turned 
by 10 degrees at a time , through -fen? 360 degrees^ is shown in 
the graph of Fig. 14. In Fig. 14, the vertical axis represents 
the absolute value of (paver the horizontal axis represents the 
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direction (degree s turned ) based on the original position of the 
square region, the thick line 1401 represents the result for the 
light control film of Example 1, thin line 1402 represents that 
of Example 9, and the dashed line 1403 represents that of 
Example 17. As seen from the results shown in the graph of Fig. 
14, all the absolute values of <p ave of the light control films of 
Examples 1, 9 and 17 were less than 0.5 degree even at the 
maximum, and the absolute value of <p ave was not more than 5 
degrees . 
[0197*] 

Since the absolute value of cp ave was not more than 5 degrees 
for any direction of the determined square region on ±r the 
light control films of Examples 1 to 24 as described above, they 
did not cause glare when they were incorporated into backlight 
units. 
[0198*] 

As clearly seen from the results of the aforementioned 
examples, the light control films of the examples of the present 
invention exhibited -w crc those cxhib ifeirftef superior front 
luminance and appropriate light diffusion d - M ■ f -us - i - n - g - --p r o p c r t y , 
because the rough surfaces thereof were designed to satisfy the 
specific paramete rs of the present invention eeM-igu ration . 
Moreover, by incorporating such light control films into a 
backlight unit, backlight units exhibiting strong front 



luminance witho ut - and not auf far ing- f-gem glare or a-ftd— genera t-iea 

e-f- an interference pattern were ee^- d-be provided. 
■[ Sr i o k &es- cription of the Dr - aw - i - jt gwg-}- 

[0200] 

[Fig. H -Sect iona-:l— views ohowing -eB&e^m cnts o f— th e light 

control f -i- l - ffl ---- ef pre - s -enr t invention 

[ F ig. g- 1] Sectional v i ew of a three d i m ensional -s hape of — a 

eorivc-H-f^T t i o n uee4---i*i tix>--p-r-e sent inven Men - € - e-r—e-i- mu 1 a t i n g 

d-i-f-feron-ec in emergen t- angl e - characteristics ea-ased by the sha pe 

[Fig. 2 - 2] Drawing showing an example of three- ■dimen-s-ional sh a pe 

of a oonveK- -- p6 - rtion ■ used in the present invention for QimH-la-fe - i - R^ 
44#f- crcncc in emergent ' angle characteristics caused by the - eha - pe 

[Fig. 3] Drawing showing results of three dimensional simulatio -n- 
performed by changing shape of c onvex portion in an embodim e nt 
o f the invention 

-fPi g. 4] Drawing showing r e sults of three - dimensional simulation 
performed by changing shape o f convex por tio n in - an embodiment 
■ ef the inv ent ion 

-{^ie-v 5] Dra-w-ir^g showing r e s-al%s - of t h r e e - dim e n - s - i - o - n a - 1 s -i mulation 

performed by changing shape o f con ve x— portion in - an embodiment 
e- f the ir.^erH-ion 

-r£ ig. 6] Dr -a w - i - ng shewi^— results ef L --fe - hr oc-di- mensional simulation 

perfo-r-msd by changing -shape of co nvex po-rt-i-en in — a n cmbodim e^-t 

e- f - t-h-e i t w e n t i o n 

I 113 



■ fgi - g - ^ 7 ■■■^-^e ; tfjr ng showing results of t h r c c -~d i ^ c n o4~fra 1 s 1 mu 1 efeS-e^- 

perfor m ed b y ch anging ahapc of -con v cx p ortio n- in an o ffiiae^i-meft^ 
of the inventi -eft 

-ffa ^. 8] Drawing s howing res ets of thre e-dimens i o n al-- s imulation 
porformod by changing sh ape of convex -p ortion in -afi^eatbe^i-Hteftfe 
e-f- - -fe-he i - Bven - t - i -- e e 

■fF3b€h— 9 ] Drawi n g showin g results of — three dimen sional sim ulatio n 

pcrform ed-by changing o&etp e of convex -po r tion in— a n embodim ent: 
of tho invention 

[•Fig-.- - 10] Drawing showing results e - f - three-dimensional 

6-i-m-ulation j &e-gf ormcd by changing shape of convex portion in a - n - 

cmb o d i me - n - t--e - f--t-he inv o n t i o n 

[Fig. 11] Drawing sh owing an example of the rough surface of the 
light-control film of present invention 

•fF-ig • 1 - 2 ] Draw ing showing an embodiment of the bae^Mght an - i-t — e£ 

tho p r os e nt —in- von M-or 

[Fig . — 1-3-] — Drawing s how i ng an cmbodim e n -- fe ----- €> - f the b a- cklight un - ifc of - 

the present irtwe-nt-ien- 

■fg^ g- 14] Graph showing relations between the absolute - values of 

tare- gicasurod for the li ght con trol films of EK a mp l c s 1,— 

- 1-7 a - ad di - ree t- ion of the detevrmine^ sguare---regi on . 

-f^eccri ption o f Notations] 

■3-9 — . . . Light c -e-R^ el- f ilm 
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11 . . . Substrate 

■iS — m — Conver se- con cave la -yea? 

j r 44-^^ ae fej r . ig ht unlt Qf c d § 0 llght _^y^ 

- 150 .. Backlight unit of d i rect ■ typo 
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Abstract 

A light control film providing Improved enabling 

jri-tpf-evcuhiM:^. - i n front luminance and y -havingr appropriate light 

diffusion, without dif-fe-sinq property and free from problems of 

interference pattern, glare etc., ha s is - pr ^yie icd. A light 

een^eei — 1-9 - -having- a rough surface i-s— constituted so 

that, for a curved surface portion of the rough surface , ha ving 

appro x -i mat - ed - in a n approximately square -region - ha - v ing an area of 

1 mm 2 or larger and defined at an arbitrary position on the rough 
surface by using he-i-ght- data for heights of the rough surface 
measured at with predetermined intervals in for the longitudinal 
and transverse directions in tho approximately 
square region , an average of slopes of the curved surface 

portion {6 nv -fdegrees-f ) of the rough surface^ with respect to a 
base plane of the film^ should be not less than 27 degrees and 
not more than 70 degrees at substantially any position on the 
light control film. 
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